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DATA RATE DETECTION DEVICE AND METHOD FOR AJVIOBI1 I 
COMMUNICATION SYSTEM 



BACKGROUND OF THE INVENTION 

5 1 ■ Field of the Invention 

The present invention relates generally to a channel signal receiving 
device and method for a mobile communication system, and more particularly, to a 
device and method for detecting the data rate of a received signal. 



10 2. Des cription of the Related Art 

Code division multiple access (CDMA) mobile communication systems 
have developed from the conventional mobile communication standard, which 
focused on voice service, to the IMT-2000 standard, which provides high-speed 
data transmission. The IMT-2000 standard encompasses various services, 
15 including high quality voice, moving pictures, and Internet: browsing. 
Communication links provided between a mobile station and a base station in the 
CDMA mobile communication system are generally classified into a downlink 
(DL), directing data to the mobile station from the base station, and an uplink (UL), 
directing data to the base station from the mobile station. 

20 For voice or data transmission on the downlink or uplink, the data rate of 

the data may dynamically vary periodically, where the period is a predetermined 
time, e.g., 10 msec, which depends on the type of service. Usually, information 
about the data, rate is transmitted to a receiver and used for decoding. However, in 
the event the receiver fails to receive the information about the data rate, the 

25 receiver has to detect rate of the received signal actually transmitted from the 
transmitter by analyzing the received signal. This procedure, where the receiver 
detects the data rate from the received signal, is called "blind rate detection 
(BRD)". 

A description is provided herein below for a BRD operation according to 
30 the prior art which is performed in the case of voice transmission using 
convolutional codes for the purpose of forward error correction (FEC). 
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First, it is assumed that a set of data rates of voice data which a receiver 
(i.e., mobile station) uses to service a transmitter (i.e., base station) is designated as 
R = {Rj, R 2 , R n }, where the data rates are listed in ascending order. To detect 
an actual data rate R, reported by the transmitter, the receiver performs a Viterbi 
5 decoding of the data from the lowest data rate R, and then checks cyclic 
redundancy codes (CRC's). If the result of CRC check for R, is "good", there is a 
high probability that R a = R 1; and R^ is determined as the actually transmitted data 
rate to be R,. If the result of the CRC check for R, is "bad", the receiver continues 
a Viterbi decoding of additional data up to the next data rate R 2 , i.e., at a data rate 
10 (R 2 - R,), followed by CRC checks. As an attempt to reduce a false alarm potential 
of the BRD operation, the receiver checks an internal metric for Viterbi decoding, 
in addition to the CRC check. 

As described above, the receiver first performs a Viterbi decoding and then 
a CRC check in order to detect a rate of convolution coded voice data. Tin: t! ; ' ' 1 

15 operation, however, is not easy to apply in the case of data transmission using 
turbo codes. This is because, unlike the Viterbi decoder, a turbo decoder has an 
internal turbo de-interleaver the type of which is dependent on the data rate. 
Specifically, when the result of CRC check at a given data rate is "bad", the turbo 
decoder has to repeat the data decoding process from the first data rate in order to 

20 check the CRC for a next data rate, while the Viterbi decoder has only to read 
additional data to the next data rate and then continue the data decoding. Another 
reason why the BRD operation is inadequate to the turbo decoder is in that the 
turbo decoding is usually performed iteratively, with the maximum number of 
iterations for a data rate being about 8 to 12, which leads to an increase in 

25 complexity of the decoder and which takes a long delay time when the iterative 
decoding is performed for CRC checks at all data rates. 



SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to provide a device and 
30 method for detecting a data rate from a received signal upon failure to receive 
information about the data rate in a mobile communication system. 

It is another object of the present invention to provide a device and method 
for detecting a data rate upon failure to receive information about the rate of turbo 
coded data. 
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It is yet another object of the present invention to provide a device and 
method for detecting a data rate not received during transmission of convolutional 
coded or turbo coded data. 

It is still another object of the present invention to provide a device and 
method for reducing complexity of a data rate detecting operation upon failure to 
receive information about the data rate. 

To achieve the above objects of the present invention, a data rate detecting 
device is provided that detects a data rate for a received signal based on a variation 
of the energy for the respective received signals between the two adjacent intervals 
upon failure to receive information about the data rate, and performs channel 
decoding of the detected data rate information. 

The data rate detecting device first divides an interval defined as between 
a lowest and highest one of a plurality of given data rates into m discriminating 
intervals. Then, the device calculates a difference between an average energy of 
received signals up to an i'th discriminating interval and an average energy of 
received signals for an (i-K)'th discriminating interval, wherein i is an integci ad 
is less than m. If the difference between the average energies is greater than or 
equal to a threshold, the device determines that the received signal in the (i+l) ? th 
discriminating interval is transmitted at a data rate corresponding to the i'th 
discriminating interval. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the present 
invention will become more apparent from the following detailed description when 
taken in conjunction with the accompanying drawings in which: 

Fig, 1 is a schematic block diagram illustrating a decoder for a mobile 
communication system including a data rate detector in accordance with the 
present invention; 

Fig. 2 is a diagram illustrating a data rate detecting operation in 
accordance with the present invention; 

Fig. 3 is a detailed block diagram illustrating the data rate detector shown 
in Fig. 1; 
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Fig. 4 is a flow chart illustrating the (i+l)'th interval data rate detecting 
operation in accordance with the present invention; and 

Fig. 5 is a flow chart illustrating the i'th interval data rate detecting 
operation in accordance with the present invention. 

5 

) DESCRIPTION OF THE PREFERRED EMBODIMENT 

Turning to the drawings, a preferred embodiment of the present invention 
is described herembelow in detail with reference to the accompanying drawings. In 
the following description, well-known functions or constructions are not described 
10 in detail to avoid obscuring the invention in unnecessary detail. 

Fig. 1 is a schematic block diagram of a decoder of a mobile station 
receiver in a mobile communication system including a data rate detector in 
accordance with the present invention. The invention is applicable to any CDMA 
mobile communication system, such as universal mobile telecommunication 
1 5 system (UMTS), CDMA2000, etc. 

Referring to Fig. 1, a de-interleaver 110 de-interleaves a received signal to 
generate a de-interleaved signal (symbol) X k . Discontinuous transmission (DTX) 
bit extractor 120 extracts, from the de- interleaved signal X k , bits indicating a 
discontinuous transmission mode received from a base station in a discontinuous 

20 transmission mode of the mobile communication system. Data rate detector 150 
detects a variable data rate of the received signal (symbol) X k de-interleaved at the 
de-interleaver 110, ultimately detecting the rate of the received data upon the 
failure to receive information regarding the data rate. Specifically, the data rate 
detector 150 measures variations of energy for each received signal in two adjacent 

25 intervals and detects the data rate of the received signal based on the result of 
detection. The information about the data rate detected at the data rate detector 150 
is applied to a rate matching block 130 and a channel decoder 140. The rate 
matching block 130 receives the dc-ir.terleaved symbols to perform a reverse 
process of puncturing, i.e. symbol insertion, and a reverse process of repetition, i.e. 

30 symbol combining, thus generating rate-matched symbols. Channel decoder 140 
decodes the rate-matched symbols received from the rate matching block 130. The 
channel decoder 140 may be implemented with a convolutional decoder or a turbo 
decoder. The rate matching block 130 and the channel decoder 140 use the data 
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rate information received from the data rate detector 150 to perform rate matching 
and channel decoding operations. 

Fig. 2 is an illustration for explaining a data rate detecting operation of the 
present invention performed at the data rate detector 150 shown in Fig. 1 . 

5 First, it is assumed that the number of symbols received at the mobile 

station receiver varies in the order of R b Pv 2; R 3 , R 4 and R 5 over time, as shown in 
Fig. 2. A change in the number of symbols by the interval, e.g., 10 msec means 
that the data rate is variable. Thus it should be noted that the term "the number of 
symbols" is substantially interchangeable with the term "data rate". 

10 Fig. 2 shows a case where the base station transmitter correctly transmits 

data for intervals 1 to 4 but fails to transmit data between intervals 4 and 5. The 
data symbols in the transmission intervals 1 to 4 are de-interleaved at the de- 
interleaver 110 shown in Fig. 1 and stored in an internal buffer of the 
DTX(Discontinuous Transmission) bit extractor 120. Between the intervals 4 and 5, 

15 the base station transmitter sends DTX bits in a DTX mode. For such a DTX 
interval, the base station transmitter disables the transmission power and only an 
additive white Gaussian noise (AWGN) exists. So, the data rate is R 4 for the DTX 
interval 5, As such, the present invention: uses a fundamental principle that 
involves determination of a presence of the data in substantially non-transmission 

20 intervals for data or data rate information, and ultimately detection of the data rate. 

Now, a detailed description will be given to the principle of the data rate 
detection according to the present invention. 

Expediently, it is assumed that there are two data rates R, and R 2 . In such a 
case, the following equations may be used in order to determine, without receiving 
25 any data rate information, whether a signal has been transmitted at R, or R 2 . When 
the received signal from bit position 1 to bit position R, is X„ and the received 
signal from bit position (R t +1) to bit position R 2 is X 2j the signals X, and X 2 are 
expressed by: 

[Equation 1] 

30 X, = A, x a, + n. 



X, = A : x a, +n 2 
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In Equation 1, A f and A 2 represent transmission power levels of the signals 
transferred from the base station transmitter to the mobile station receiver and 
correspond to ±A in the presence of the signals or "0" for DTX; a, and a 2 represent 
Rayleigh random. variables having a probability function of 
5 p(a,) = 2xa,xexp(-a, 2 ) or p(a 2 ) = 2xa 2 xexp(-a 2 2 ), respectively; and n, and n, 

represent AWGN random variables with mean "0" and variance cr. If the noise 
variance of the transmission channel is a 2 , the interval-based energy (power) of 
the received signal is given by: 

[Equation 2] 

10 E{X, 2 } = /V+o- 2 

E{X, 2 } = A, 2 +tr 

The differentiation equation of the energies E{X, 2 } and E{X 2 2 } of the 
received signals gives D, as expressed by: 

[Equation 3] 

15 d,=|e{x/ke{x/}| = |a/-a 2 : | 

In Equation 3, if Af = A 2 2 , D, is "0"; otherwise, if A 2 2 = 0 (i.e., for DTX), 
D, is "A t 2 ", Namely, when the actual data rate is R 2 , D t nearly reaches "0"; 
otherwise, when the actual data rate is R ; , D, becomes almost 'A, 2 ". 

The above equations can be applied only if the secondary probability 
20 characteristic, average deviation a 2 is known irrespective of the probability 

functions p(a,) and p(a 2 ) of the Rayleigh random variables. It is of cause assumed 
that the random variables is not time varying. For reference, the differentiation 
result of the energies of the received signals D[ = |e{X, 2 } ™E{X 2 2 }| can be 

calculated from a given interval-based energy of the individual received signals. 
25 The most important variable in determining D, may be the accumulation of data 

sufficient to determine the average energy value. An accurate data rate may be 
determined when the minimum data rate R, is 32 kbps, i.e., the data transmitted in 
the 10msec frame interval is more than 320 bits , 

The above-stated data rate detecting operation can be generalized as 

30 follows. 
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First, it is assumed that a set of serviceable data rates is designated as R = 
{R[, R 3 , RJ- , in which the data rates are listed in the ascending order. 
Information about the serviceable data rates is called "transport format set (TFS)" 
given to the mobile station by the base station in a call setup phase. If information 
5 about n data rates is given, one interval is first assigned to the largest data rate R., 

and (n-1) intervals are assigned to the other data rates. To be differentiated from 
the interval assigned to the largest data rate R,,, (n-1) intervals for the other data 
rates are defined as discriminating intervals. The data rate of the received signal 
for the individual is detectable. For instance, an average energy of the received 
10 signals up to the i'th discriminating interval is subtracted from an average energy 
of the received signals up to the (i+l)'th discriminating interval. The resulting 
subtracted value is compared to a predetermined threshold to detect the data rate of 
the received signal for the (i+l)'th interval. 

Now, the operation of detecting the data rate of the received signal for the 
15 (i+l)'th interval is described in connection with generalized expressions as follows. 

A received signal up to the i'th interval designated as X, can be defined as: 

[Equation 4] 

X; = Aj xa, 4-rii 

In Equation 4, A. represents the transmission power level of the base 
20 station transmitter and correspond to ±A in the presence of the signal or "0" for 
DTX; and a, and n, represent the Rayleigh random variable and the AWGN random 
variable as defined above, respectively. From Equation 3, a decision criterion can 
be defined as in Equation 5 below, from 1 to n. When the received signal up to the 
i'th interval is X f and a received signal up to the (i+l)'th interval is X i+b the 
25 differentiation result of the energies E{X, 2 } and E{X j+ , 2 } of the received signals 

gives D, as expressed by: 

[Equation 5] 

D l = |E{X i 2 }-E{X w J }| = |A 1 2 -A Ul a | 

In Equation 5, if the data are continuously transmitted up to the (i+l)'th 
30 interval, i.e., A; 2 - A,., 2 , then D, is "0"; otherwise, if the data are transmitted up to 
the i'th interval but not transmitted from the i'th to the (i+l)'th interval (for DTX), 
i.e., A j+ , 2 = 0, then D, is "A 2 ". Therefore, during DTX (A j+i 2 = 0), the mobile 
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station receiver searches for the initial index i and considers the corresponding Rj 
as the actual data rate for the received data from the base station transmitter. 

Fig. 3 is a schematic block diagram of the data rate detector 150 shown in 
Fig. 1, in which the data rate detector 150 comprises an energy calculator 152, an 
5 energy differentiator 154 and a data rate decision block 156. 

Referring to Fig. 3, the energy calculator 152 measures energy E f for a 
received signal X f up to the i'th interval and energy E i+l for a received signal X j+J 
from the i'th interval to the (i+l)'th interval. Namely, the energy calculator 1 52 
accumulates the received signals up to the i'th interval and the received signals up 
10 to the (i-l)'th interval to calculate energies Ej and E,,., for the respective received 
signals X, and X i+1 according to Equation 6 below, which is used to calk i] t< 
energy E^, for the received signal X i+1 , 

[Equation 6] 




15 The energy differentiator 154 calculates a difference (Dj) between, en j ; 

E{X; 2 } in the i'th interval and energy E{X j+[ 2 } in the (i+l)'th interval, as obtained 
in Equation 6. The difference between the energies E{X, 2 } and E{X 1+1 2 } may be 
expressed as a difference between the squares of the transmission power levels, as 
defined in Equations 3 and 5, i.e., a difference between a square A, 2 of the 

20 transmission power level of a received signal for the i'th interval in the i'th interval, 
and a square A l+1 2 of the transmission power level of a received signal for the 
(i+l)'th interval. The data rate decision block 156 determines the rate of the 
transmission data using the energy difference D, calculated at the energy 
differentiator 154. If D i is a desired value A 2 as in Equation 5, the data rate 

25 decision block 156 determines the data rate R, for the i'th interval as the rate of the 

presently transmitted data. 

However, considering the actual channel environment, it is impossible that 
the energy difference between the two intervals as designated by Dj is "0" or A, 2 . 
That is, the difference D s itself is a probability variable, where the conditk :. \ 
30 expectation of D, satisfies E{D\ A, 1 = Aj) = 0 and E{D.\ A? * A, J} = A 2 . Thus, 
the data rate decision block 156 compares the energy difference D f between the 
two adjacent intervals with a threshold value to determine the data rate. More 
particularly, the data rate decision b!ock!56 determines the data rate R, for the 



WO 01/05067 



PCT/KROO/00740 



previous interval, the i'th interval as the data rate for the current interval when the 
energy difference D, between the two adjacent intervals is less than or equal to the 
threshold value. The threshold value can he designated as a medium value between 
"0" and A 2 , i.e., A 2 /2 according to a maximum likelihood (ML) principle. Here, A. 
5 denotes the transmission power level of the received signal from the base station 
transmitter and A 2 /2 is half the transmission power level of the received signal. 
The information about the data rate determined by the data rate decision block 156 
is applied to the rate matching block 130 and the channel decoder 140, as shown in 
Fig.l. 

10 The flow chart of Figs. 4 and 5 illustrate a data rate detecting operation 

using the above equations which is performed at the data rate detector 150 shown 
in Fig. 3. Fig. 4 is a flow chart illustrating an operation of detecting the data rate 
for the (i+l)'th interval from the energies of the received signals for the two 
adjacent intervals, the i'th and (i+l)'th intervals. Fig. 5 is a flow chart illustrating a 

15 general operation of detecting the data rate for the i'th interval. 

Referring to Fig. 4, the data rate detector 150 shown in Fig. 1 calculates 
the energy difference D; between the two adjacent intervals for each iteration and 
compares the energy difference D; with a threshold value A 2 /2. The data, rate 
detector 150 estimates the data rate Rj for the i'th interval as an actual data rate R^,, 
20 in step 405, when the energy difference D, is greater than or equal to the threshold 
value. 

Specifically, the energy calculator 152 shown in Fig. 3 accumulates 
received signal X; between the (i-l)'th interval and the i'th interval in step 401, and 
calculates energy E{X, 2 } for the received signal X- t in step 402. Also, the energy 
25 calculator 152 accumulates received signal Xj +i between the i'th interval and the 
(i+lVth interval and calculates energy E{X i+i 2 } for the received signal X, +1 in step 
402. The energy differentiator 1 54 calculates an energy difference between the two 
adjacent intervals, in step 403. That is, the energy differentiator 154 determines the 
energy difference between the two intervals as D ; = |e{X; 2 } -E{X i+1 . 2 }|. As 

30 previously stated, the energy difference can also be expressed as D ; = jA^ ~- A !+[ 2 | . 

In step 404, the data rate decision block 156 compares the energy difference 
between the two adjacent intervals with a threshold value, i.e., it determines 
whether the energy difference D ; is greater than or equal to the threshold value 
A 2 /2. When the energy difference D s is greater than or equal to the threshold value 
35 A 2 /2, the data rate decision block 156 estimates the data rate R, for the i'th interval 
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as the actual data rate R^, for the current (i+l)'th interval, in step 405. The 
estimated data rate is provided to the DTX bit extractor 120, the rate matching 
block 130 and the channel decoder 140, as shown in Fig. 1, and used for rate 
matching and channel decoding operations. 

5 Referring to Fig. 5, in step 501, the data rate detector initializes the search 

interval i to "1" and the average power (energy) for the previous interval E{X^ 2 } 
to "0". The energy calculator 152 shown in Fig. 3 calculates, in step 502, the 
average power for the search interval 1, i.e., first calculates the average power for 
the current interval E[X. 2 }. In step 503, the energy differentiator 154 calculates (a 

10 second calculation) an energy difference between the previous interval and the 

current interval according to discriminating equation D,.,. if the data rate decision 
block 156 determines in step 504 that the result of discriminating equation D,., is 
greater than or equal to the threshold value A 2 /2 (where, the data rate means "0" 
kbps as i = 1), the data rate decision block 156 estimates the data rate for the 

15 current interval R^, as the data rate for the previous interval (R M ) in step 508. 

Otherwise, i.e., if it is determined in step 504 that the result of 
discriminating equation D is less than the threshold value A 2 /2, the data rate 
decision block 156 stores the average power E{X f 2 } for the current interval in the 
average power E{X M 2 } for the previous interval in step 505, and increases i by one 

20 for searching the next interval in step 506. The energy calculator 162 in step 507 
calculates (a third calculation) the average power in the interval i+1 and then stores 
the calculated average power in the average power E{X^} for the current interval. 
The process returns to step 503 to calculate the discriminating equation D iA based 
on the average power E{X, 2 } and compares in step 504 the result value of the 

25 discriminating equation D M with the threshold value. 

While repeating the above procedures, when it is determined as D > A 2 /2 
in step 504, the data rate decision block 156 estimates the data rate of the 
current interval as the data rate R M up to the previous interval. 

As described above, the present invention estimates a data rate for a 
30 received signal prior to a decoding operation even when no information about the 
data rate is received from the base station transmitter, which reduces the 
complexity as compared to the conventional BRD operation which detects the data 
rate after Viterbi decoding and the CRC check. The present invention thereby 
reduces the complexity in detecting the rate of turbo-encoded data without a need 
35 of a rate-based decoding operation, in the worse case, as often as the maximum 

number of iterations. 
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Furthermore, the present invention determines the data rate using only 
a.i , umu lated statistics, irrespective of the type of the channel encoder, and is thus 
compatible with any channel encoder. For example, even with a convolutional 
encoder is used, the present invention makes it possible to estimate the data rate 
5 with reliability for a frame whose data rate is not less than a threshold value. 

While the invention has been shown and described with reference to a 
certain preferred embodiment thereof, it will be understood by those skilled in the 
art that various changes in form and details may be made therein without departing 
from the spirit and scope of the invention as defined by the appended claims. 
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WHAT IS CLAIMED IS : 

1. A method for detecting a data rate in a mobile communication 
system, comprising the steps of: 

5 dividing an interval defined as between a lowest and highest one of a 

plurality of predetermined data rates into m discriminating intervals, wherein m is 
an integer; and 

calculating a difference between an average energy of received signals up 
to an i'th discriminating interval and an average energy of received signals for an 
10 (i+l)'th discriminating interval, wherein i is an integer and is less than m; and 

when the difference between the average energies is greater than or equal 
to a threshold value, determining that the received signal in the (i+l)'th 
discriminating interval is transmitted at a data rate corresponding to the i'th 
discriminating interval. 

15 

2. The method as claimed in claim 1 , wherein the threshold value is 
defined as A 2 /2, wherein A represents a transmission power level of the received 
signal up to the i'th discriminating interval. 

20 3. A device for detecting a data rate in a mobile communication 

system, in which an interval is defined as between a lowest and highest one of a 
plurality of given data rates being divided into m discriminating intervals, wherein 
m is an integer, the device comprising: 

an energy calculator for calculating an average energy of received signals 

25 up to an i'th discriminating interval and an average energy of received signals for 

an (i+l)'th discriminating interval, wherein i is an integer and is less than m; 

an energy differentiator for calculating a difference between the average- 
energy of received signals up to the i'th discriminating interval and the average 
energy of received signals for the (i+l)'th discriminating interval; and 

30 a data rate decision block for determining a data rate corresponding to the 

i'th discriminating interval as a data rate for the received signal in the (i+l)'th 
discriminating interval, when the difference between the average energies 
calculated in the energy calculator is greater than a threshold value. 

35 4. The device as claimed in claim 3, wherein the threshold value is 

defined as A 2 /2, wherein A represents a transmission power level of the received 
signal up to the i'th discriminating interval. 
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5. A method for detecting a data rate m a mobile communication 
system, in which a base station has previously provided a mobile station with 
information about a plurality of data rates variably serviceable and the mobile 
station detects one of the plurality of data rates as a data rate for a received signal, 
5 the method comprising the steps of: 

(a) dividing an interval defined as between a lowest and highest one of the 
plurality of data rates into m discriminating intervals, wherein m is an integer; and 

(b) calculating an average energy of a received signal corresponding to a 
first discriminating interval out of the m discriminating intervals; 

10 (c) calculating an average energy of a received signal corresponding to a 

second discriminating interval next to the first discriminating interval; 

(d) calculating a difference between the average energies obtained in steps 
(b) and (c); and 

(e) estimating that the received signal for the second discriminating 
15 interval is transmitted at a data rate corresponding to the received signal for the 

first discriminating interval, when the difference between the average energies is 
greater than or equal to a threshold value, or 

setting the first discriminating interval as the next discriminating interval 
when the difference between the average energies is greater than or equal to the 
20 threshold value, 

the steps (b) to (e) for the received signals up to the newly set 
discriminating interval being repeated until the difference exceeds the threshold 
value. 
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Multiplexing Method in a 
Mu 1 i Ca r r i i: Tr an sol V i v-?, :.: = 1 1 y Syu t err, 

BACKGROUND OF THE INVENTION 

be present Lnv nit ion relates -o che field o 

.ii > a nailt'i car.vi fcr transmit diver 
rv»rr t 1 1 .dtng :.d Ji multiplexer tor 

« e q i e k c e of data symho Is and a dsirulzi ; .. oxer 
x no a mu 1 1 A p lexcd sequence cr data s ymc o"is . 

UiaaM^icii ^ save ?ejor:: Art, f 

Peak transmission rar.es ". n wireless coimer-icac. ion systems 
have steadily increased during zfca last years. However, peak 
r . .!.-;:• f j r ■ ; ...,e still limited for example due to path 

! in : mn availability and fading, 

Traruwi tter diversity la a highly effective technique fox 
n . ; t ■ .j •--.,;■< in '...'i ■ ■ - 1 ■ ;-- s <■•■.;,,■ „,\ .-, . -Vr-r • •, al 

different transmit diversity schemes have been proposed. In 
to, Y . ; chuang , J.C. j Sol lenberger , II. P.; T .m i: o i ' i •.- 1 s • ~*i 
si ty for OFDM systems and its impact on high-rate data wire- 
less; networks, IEEE Journal on Selec. Areas- Vol. 17, Ho, 7, 
July 1959 the transmit diversity schemes of delay, permuta- 
tion and space- Line ... ding are exaopl, « •, desc Lbed. fw-cord 
- . ; ii-- :.],!;; -vmvo '., ri'p.,-, : :- transmitted tron a 
ixst r. r ansnu tter an t e n a a and signals t r a n s m itts d f r oi f u r ■■■■ 
ther :. liuita i ui:. ,. ; \r- ii vot s : . : ,o 
trow che first transmi c ter aaLeuxa, In the permutation 
scheme, the modulated signal ia transpittea from a firs' 
1 1 1 i i - < "pe "itv,r .i ions < i: . i modulated $ i , « • 




WD a&irjw 



pi ivo-t t:u 



a r . v: • ■ . : . • ii d i j. c i .•" i - * : ' • - i " " " '> 1 : 1 - " • i' & . L J ■ .• ■ . , • . ■ .. s 

V . , da ... i ■ : . • •-•;:••[! ^ ! l : ' i . • ;• .- • i . f. u 

transmitter an-snna . D-.ir.ing transmission, the data words are 
spread (or nul tip] exed) in the time domain by successively 
t ran ami "ting the data, symbols of a da -. acre ove] single 
can i i raq'U: ; •.-/ . 

A further tranyfn.it diversity scheme tor a multi c;>rri.e:v Hys;e;ti 

! (i iH SK.;:;e- f requency coding. By means of space- fraquen y ;oding 

a signal Is encoded into several data words and r*a;.:lj data 
word i& spread Ccr multiplexed) in the frequency domain by 
transmitting the data symbols of each data word. :<« orthogonal 
frequencies , i.e. orthogonal .subcarriers . An ?.xo-po.,. .uty scheme 

15 far 6wce-f -equency ceding is described in Mtdulodn, 3.; 

Faal raj . A. : A transmit diversity scheme for frequency •■ * ■■ 
r.ive fading channels, ?rcc . Globe com.- San Franc isco t : pp:, 
LQ89-1Q93, Nov. 20 30 . Ac co 3rd i tig to the multicarrier avstemr 
describe a in this paper, the data words relating to ai en - 

20r coded arqnai are preferably multiplexed in the time domain ; 
aithc ;'. : t • u-v - i : ; ■. oncics are available and the data 
words could thus also be mul tip. axed in the frequency domain. 
This is due to che fact that if multiplexing :.n the frequency 
domain i.s utilized the employed frequencies, i.e. sttbearri - 

2$ crc.. oust see the same channel . which may n •. Iway ' be p : 
sic Is in a frequency .select, i <-'e fading channel. However, in 
case toe sabcarriers experience she saute channel., it i& 
stated that either multiplexing in the time dcraain or ir.uiti- 

,...•'!. I : i II ' r: }•■.:• ■ : i. .< - J • : , ! ■ i ... i ' i i ! . r !'-'-': 

,ji , '.y ••• >ii . i i j To j... ;■,•'■:>,: i*..: - ;.c, i, ■,.-,.,} L ~\ --t, 
:■: : ~; '■_ i k . ■ a:vi 'i ; . • u v> ;■ i 

}5 

:, p., m. .. <: ' f I .t. I':.. iCu '.. i • . ) • ; i < i ' ■ 

ertc known rdnere is a need tor a method of multiplexing data 



VV0H2AI IW> 



:-3-;; 

.-■ iri,-. in i"i ; .'do ' c i • y,i ■ \ : vcr shirt :,■<■■ 

communications cyst ens. There :s also a need for a 

3po"ding multiplexer and a. demultiplexer. 

pp.do. .•>r,-:tT i < d «h di t < v/diri i;x-i 

Trie - isti iq teed i.y satisfied by a met hod of multiplexing 

ia>3 words r, a multic&rrier transmit i vers:':'. 

cor.npj ', the St ex ot genera Li ng a plurality of da':a blocks. 

said one ox more data blocks are to be * < 1 in 3 -. in e 

3oTi>Ain or ir a fraqasnoy domain and the step of mtii U p 1 : : : ■■; id fig 
the data words of the data blocks j n accordarjoe with tils re- 
sult at c he de t ei-mnafe i<pijEU • • 

The wvlciplexing method of the Invention is not: restricted to 
a spe c; I f i c transmit divers icy scheme as long as c'. • - ; 
transit diver 8 i ty scheme enables ' as fx-cn lata sig 

nal a plural icy of data blocks having the above structure. 
Fo r e xa; up 1 e , t he - ran s tl i t ci ::. v s r s i t y s ch enes o f b I o e k c c d i a g 

and ''t ri" I''' 1 ' i' hi 1 ••• •_ ... : 'Ch S "".'j ■ - '"''■!' 

1 t generated data blocks have che structure of a n.a - 
i ■ i . ;,: l.-.r to a space -time block code f ST3C \ matrix. Also, 
.1. t .1 r r: or. r ecu .1. r ed th at the t ran sin it d i v a r s i r y s chsine gu a r ar. - 

does not necessities that each information symbol comprised 
within the data signal is transmitted trctn each transmitter 
. . ■ - 1 ■ >•;• 1 r.-i :. r.o ?ir-cr 'r7i: > < " '• ■> • •'"! ••! '>>■- in 1 " n' 1 ". ri 

comprises the feature of: fid I transmit diversity. 

Mo reovor, t ne invent ion is no': restricted to an y nu mb e r of 
:. ...ij :r .i .. l and receive antennas . Preferably, the n airmen ot .v 
words pei: dara clock equals the liurrbsr of transmit ante: 1 '.-:-' 
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- To ..!•>! .-«. '• od v 1 . •. d<-l f. 1 -! t I l-'l :•' "I W' '." O" 1 

:.;i:.'..-!ck.3.: '.on. ">•: i u . '■ r. on -...ii on..::.: re 

ceiva antenna .is provided, the receive diversity schsr\!f- of 
maxirrram -ratio combining cai: be applied. However .. ether re- 
i ceive diversity senses may he \ip.i\d as veil. 

AccordLncr no the invention, it is decided on * data bloc* 
level now the data words are to be multiplexed. The decision 
on the data block level allows to change the tiultipiexing <io- 

10 train from one data block to a snhsequant data block which i«* 
advantageous it one f:as to cope with specific predefined or 
varying c ran scission constraints. Also, the multiplexing 
method according tc the invention can be applied in various 
wire: ess ccranunicat ion systems wichcut major .■_ due to 

13 the specific multiplexing flexibility gained by selecting the 
trvti' It '. -: : iij domain or the data block level . The on J oro ' rxiro 
domain can be determined for each data block individually lory 
simultaneously for a plurality of. cats blocks. For example, 
it can be decided for a seooence of data blocks that all d&tt 

Kt words con-prised within the sequence of data b Jocks are to be 
cnuitiiplexed in either the tine domain or in the frequency do- 
main . 

The mult 3p.1 exing domain is determined by caking into account 
2f- one or more transmission constraints. For example, the trans - 
mission constraints may comprise one or core physical trans- 
mission censors lots cr one or mors data -ocelot eo transmission 
o--L--.L • r i • i i can also comprise both one or more physical 
transmission constraints and .one or mere data- related trans - 
. m r.ti & s i o n c c n s t raints • The. p h ys real t ra nsmi ss ion oon strain-, t 

I It'. t" t.V: - ! ••' ■ * I-' .'Oil Clrz 

coherence ha sd. od d :; h . : : =:;, ? ■.- : < i ■:: : -i ; ., in.- da to - re 1 • : . < 

!.-."..'! '. :•. r, i: t „jm;.: no... ._• '■■ :oo'. ■. • « :.:•-'' i' 

>;-« 'l_ > r -1 ; . m i th- KO '.-:' r 'd r - - s -v - - dug 

r.ol ,- : c j,.:.- •.•'•„• ± - • j tr- n* i in '! mo . E c p data d.gnsl, 
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words or the- structure of the data symbols . 

The- data symbol 3 may ba derived from i:he data signa'i in van - 
s cus ways ••t?pertc;»nt on the transmit, diversify scheme which, if: 
used, if; for example, rhe transmit diversity scheme of per- 
rcut.-s tion is used, the da ha symbols contained in the data 
words arc pcnr.utacicns of information symbol ft comprised 
within the- data signal . As a ihirther example, if the transmit 
10 diversity scheme of block coding is uaad, the data symbols 

contained in the data words are obtained from the infornr&tion 
eymbols comprised within the data signal by means of permuta- 
tion and basic arithmetic opera ciona, such as negation and 
r r : rr > '. x a • . -' '• ■ ■ a t i a n . 

-15.. : 

hod L men - , the data si grra 1 has t h e format of a s eque n e e o f 
: di®crete in£ ormst ion symbols. For example; the data signal 
2ft may have the structure of vectors, each vector comprising a 
prede ">••>-•. ' « •': -'-r of i n formal, ion symbols . The nature ot the 
information symbols may depend on the si < • - •> >xn- 

Ricnication system in which the multiplexing method according 
10 the invention is used. Many were, a ^s a: mmnni nation systems 

* « - »- • rypes ot information symbols for different 

prrr oses. For example, some wireless corowunicatiori cyst cms 

use d?.Kr. I :- n '! .-- wnb -:i comprise a preamble , one or more user 
data sections or both a preamble and one en more user data 
sections. Usually, the preamble has a predefined struct Tire 

30 and !h utilised for purposes like channel est imshioc, f re • 
:(<:■. .any synehroni sat ion and riming e ? c m . s-R-.cion. 

i'i t ■■in 1 j... an- • pJ C r_. ,j-.ir,: „ a i. ■ •.: ' <-■ ■ ■ 

• - . ; . :■ , ' . ■ . , a 
35 . -J.' i > .<•■• ' - :; . ii „ ; :• . 

a predefined number rJ of data symbols to be a mprised wi a.m. 

each data vera which is to be multiplexed in the true dosn-iia. 
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each data word cannc: arbitrarily be chosen because it may 
depend for example on a code rare, on the conditior. that the 
data blocks have to he. orthogonal matrices or on the ara.il ~ 
5 3. bi 1 i t y of memo r y r e a o u r c e & within z h e oiui ti carrier t r a ns ■ t 
dive rs i Ly ayst en; . 

When the data wordy of a specific data block are to be multi- 
plexed in the time domain, the number 1? of data syt-bchK zo be 

10 ccnyrisfed within each data word may f . - . • » 

time .-' • >>: : • ed fci: the transmission of a single data 

«ord oven a single subcarrrer . On the other hand, when the 
data warns or a spec! ire data block are to be r.u.tipiexed in 
che frequency domain, aha number N of data ^abols to be corn- 

i,j prised within each data word stands for the number of sucear- 
riers requited to transmit a single data word during a single 
time slot. 

Preferably, data words cf an individual data block coir- 

m prise the saavc number of data Bymbcls . If the data signal. haS: 
such a sti nature chat the number of data syrJ?oJs comprised 
within each data word of a specific data block equal a the 
pre d a £ i ned n raid e r W of da t a s yatc ols, the data wo rd s c € t h J s 
data block may be multiplexed in the time domain. Otherwise, :: . 
15 i,o, if the data signal haw such a structure that the number 
of data symbols comprised within each data word of a specific 
data lilock does rot equal the predefined numoer X of data 

it> e s a a r y if the da t a signal, c r a per t i. or ; thereof has a p r ede -■ 

fined length because the predefined length may ir»p_y that the 

' . -i -i ' , • • • : C t C L* .' i l.C i .'. W "J „ \: . •'>< V - :.• p ' ' .d -i i" i It- \ i ' 

defined length of the data signal or a portion thereof ia net 
:.!. nini.ir: 0.1 1 I : •« 1 1 v : i-C • i r ••: i. ni"'i.'. t -I hi . 

. J • .•.'•UP' !•- - "t j -•• , , j -! •tea -,v.i J rr, t ,. m-l 

tiplexea in the t J me domain, In such a situation intege; mul- 
• • [ •• . ■ i . >■> I- < , r ,,. ..i-.i. .; L . ; ■=»- _ ir 
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. j> vu-u:.- ! . .• a-, b. L... o..o • v ■ ■ b. .' -■• • v r„,h ' ■ •.. 'I -:•.'„■ i l:. 

- c h.;e cloTra.'n and a remainder N R - inod ( Sb./N ) of d&t.& symbols 

pi ■. r O -'• r r ; . : r ; .- i ,.-y 0 "l r - 1 n 

Thus, by corbarrino nrnlaiplexing in the tiros docsain and in the 

frequency dens in, data syaibc I f :l iting j robleots resulting f rcni 

the predefined number N of data symbol. a no be comprised 
within each data word which is tc be multiplexed irs the tiaie 

iu domain can be seized. Such data symbol fitting problems ir.&y 

for e.:-L-tz-plK no no. it : .-.xi-v^nt when the thro c-z.-r.:i! or a portion 
of the data signal has 3 predefined 1- . ; ■ 1 • • - tire- 

less transmission system necessitates that the preamble por- 
tion o- the user data portion of a data signal comprises a 

15 ce - ..-in 1 n t , . symbols . Tin the data words ol 

all data blocks except for the last data block are multi - 
: ; ;pj ! eaeea in the fine domain and the data words of the last: data; 
block are either mujtiplexed n the tine dorrs in or in ~ be 
frequency domain depending on whether or not the data words? 

2« of rhe last data block con" a in a number of data s : yrotools •■■ o ■ s 
• quo I : . ho 1 : ■. . 1 • • i . 1 • • . i -■ 1 o • • l _i ::• :: a s - 1 • . o i s . 

So far the data - related cransni sssion constraint of a prede- 
fined number H or data sytrbolr to be comprised, within eaohP 

25 data word has? been illuHtiaued. According tc a second erubodj 
:nent , the data signal way comprise one or mora periodic 
structures and the data related transmission constrain-: may 
he a preservation of the periodic structures rout that the 
periodic struotutas sre frtill periodic on a receiver side. 

hi The one or rrcrs periodic structures nay be comprised witbiix a 

:: : .' ic 10 ■ I ■ ' to ■ ■ ■ ■, ■■ 1 v . : 1 1 , 00 ■., v.. o— . . . • '.no • .. ! , r, - 1 n ;si 

synchronii'at lot: algorithms with comparatively 1- w couple;-. - ty .. 

55 

- , 1 i_ , l ^ ! - . 1 , r , , - , - • ,aic 

structures in the tune domain the periodicity of the peri -oil- 



. . , 1. ■ : > • * . •. -• ' « •• - i'. ' • - • ■ i •- ' * ! ! 

of date blocks «h i oh relate to the periodic striae ^rea or 
I ■ -i res vf ] >er i exile structures are laultipl exs< \ • •'- t .' ■-■ L t ec uenc y 
- ,-. r. . , ■ i j , By nul t ipLexing t in < J y v. e words of t h e s & data blacks 
in the frequency domain it can be ensured that the periodic 
i cy „■ i l -■ ■ ; v • - rl . .... - ..t •• i r: - o; c .i.'.l. 

When the dab-, words of data clocks generated fret* periodic 

quency dona in, the daca words of dat-a blocks goner a ted from 
olr=e remaining data signal ara preferably multiplexed in the 
ciiee domain. It, for exai^Je, the data words :b data blocks 
•.,••:!•'! - - ■ : i ;•• . r: •- ! "ble comprising "- rd ' 1 1 »i 

• i i ' . 1 p 1 • .- •. • n '■. .: '>.■■■ • ■ • ^ : ■ • 1 • • - ,•■;.:!, • '■>.- ■ ; . . . . . » ± ■ ■ 1 d .-. t a 

b ".. ock pf 3 so e i" a t e d f r om a c or reap o:id ing u s e r bo ., • j .- ,-. may 
be multiplexed at least i;art] y in the time domain. 

Instead of data - relaced trsrssftds sion constraints or in addi- 
tion co data- related transmission constraints physical transp 
■mission constraints can be taker- .into account v;hen dec .■ 
if T-... dot..: r:-..dj of one or more spo- bv e re 

be multiplexed in the time domain or en the frequency domain. 
According to a preferred embodiment , the decision is made 
ba s ed do s irr.u] t a neo isly e v aluat. i ng a coaib mat i on or one: or ; 
■ , ; I ■ - , ■ -.or more 

physical transmission censorainrs . 

The physical cranswission constraints may be det.ernu.aed based 
os: et leant one of a channel coherence band width 



and o coherence 



t, * 1/(2 
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'.,'''■'_!; 1. ;- b „••; f reru <•:;. •. i ,,„,,, is cbe race ..•.-,! 

c - :.!.- > ! •:: . ! - n-'-v . .p — vi :•: • ' : n i . vy ; r~ o- „ 

I''.--!!' •■-.-•Liir-i . -b ••••■>• ]-. „. t r: n .-. v 

, i i ur.axex;, const an c :hanriel paj < isl:ers durin | transnissioi 
of one data word. I£ the date words are to be multiplexed in 
the frequency lioiuaJ i, ■» : ;.:tphiv.. Iv-v'.y .ri.l-rr.iW jv.-.n^ 

■ ! ' • required This means that -fee n Lcn 

b,_ * R/T 

? _''> 

has to be fulfilled at least appr oxiteat sly , wherein M is the 
nuriber of daza symbols per data word and T is the duration of 
one of m • data symbols, i.e. t.he I-.. • - i . • n • - > • biv lot 
;: '"i.:r.„: ively large ociiS JTaiiCiS i ■ -j n iw ; a t 1 1 : t the 

i .el parameters of M adjacent subcar tiers have 7.0 he si- 
rr.ost constant , 

On lae other hand, If the data words are :o be iiuli:£g1rfe>sdti:n. 
the time domain, a comparatively large coherence tirr=s is re- 
ed. T) is -neans that toe relation 

t- * T ■ M (.*:■ 

nas to be fulfilled at least approximately. In other words : N 
sub sequent data symbols have to have nearly constant cnannel 
p a rame c ers , i.e. t he eha me 1 p ar arae ters f or a si ny 1 e s ub c a r - 

Tha physical transmission constraint nay be determined by as- 

• t:\nq if one or both of the relations \2) and (4; are ful- 
filled. Dependent on which of the two relations ;3) and (4 5 
is - .' ' • • < .!.-- ' .: : io. ■•■■>- or • r . ol rio 

dri;:.?. lb; ho :no re !;,- . 1 i . p, >•;••. - ; * i.n :n i he i , ■■ 

>: . i- 1 -■!} I „i „ . ; „>• " *' . ' . . i 

"h . :•:-.:<>-.,•::.■. mb,; !"..:■• !. v ov- i. : <■_}■<-■. clato: 



tJ'anavnlssior:. consi:rsin::s , her axaiaplto the data syribol fit 

t ing proolera or tana probl eni enaourr: aa eei ad... t a per i od i c at rue ■■ 
".■> ■-. :\,.r. aooeoj I ; t I ml ~a nd: ii,t:atn i la 1 a.- 

■ t- •■: i • : i: a.'.' . j > 1 v i' « : ate?! -at ' e data words of .■ 
ieasa some data blocks have no be multiplexed in the fre- 
quency domain. As a further example, changing trsnsnissicn 
aondit icne may $;eeassitaLe that, the data words of aome data 
blocks hare to be multiplexed in the time domain and aha data 
words of other data flocks have to be multiplexed in ahe fre- 
quency domain As a third example, the data words of data 
blocks generated from a preamble may he multi.fu.ex- ' in I le 
t I :m domain and the da a a word ft of da 1 : < <*? g-- - 

tiain, Such a combina t ior has abe advantage thac the above- 
roe; t onec* date syirJboi fitting problem, which usually is post 
■ . mat for a he user data section, can oe a"- ided vM ! . ■ h> 

blocks generated from aha pr a a ;rh 1 a a 1 1 ov/a a g u od c h a n n e 1 e £ - 
t i ma a ion . 

It 'was mentioned above that ir. order to ach ■ a • a : i fiver 
3ity erar inlea r.v.h en a. idol has r.o be ci, nisi toed ! :boai eaci 
transmitter anaemia. A further requirement oi full traaan-dt 
diversity is ahat the antenna signals are orahogonal to eadha 
other. This weans thee tlie data symbol s have ao be modulated 
cntc siibcarriers which are orthogonal tc each other, Howe™r, 
the : event ion c^n a 3 do be practiced an case alia subcarriers 
are n o t o r t hog on □ i . 

BRI3F DSSCR. PX:ON Or THE hEAWINGa 

Furl sen s.dvaa g ; * . z he iuverr ion i: become ipparont by 
i" erencs to the " - 1 h • i ■* •, . i •* . • ► „ - i r '<; 1 

r •; thai a. a a' i r. •• ; ,» J i.p. . •' • - > \ • y i > ; ■ 



{•('"? rEi^aarasa 



Fig, 1 ,i..V:':. a ."a". ;••;!..,: ! • J ,! "". - i. : 

, ■ t !.<<■■■"-->■ > - i" " " • 1 '■■!<- z I '..::-! . 

Fig- 2 is a block diagran- of a transceiver for wireless 
I-....T. i ••.! ", •• m i • '.' ' '• i\j < ' r \-v •• a- 

a 3c;- r i . •:. • • - •« • ; ; h t he invent ion r 

Fig.. 3 shown several modulation schemes defined in the 
illPEPl W>/2 standard; 

Pi 9 . shows the block code encoder of the transceiver de- 

picted ir. Fig. 2 ,- 

fig. 5 shows the configti ration cf a transmit ancenaa di- 
versity scheme; 

Fig. 6 is a schematic diagram or mult iplexmo data words 
in ':h? time domain ia accordance with the inven- 
tioii; and 

M:g.. 7 is a schematic diagram of rruh ■ ri pie -x li :*g Sat a words 
in the frequency domain m aecordai aata the in- 
venhiori- 

DESCRIPTIGr? Of PR3PERR12D 3MSODIKFNF-S 

«.■ i .-. u r . v -g i * j a J = i •'- ; c ri; :.i . ; h vi . 

rier transmit diversity system which employs a transmit di~ 
-r:.:rtv .'lie::!- , . 1 l>/v; iv: ; : a . d : .'.a: h :."h' 'a vi aa ■■ 

s t ( v. 1 1 u re as d e. es c r i o a d a he v a , the f o 1 i o*v i tig d e s c r ip t i on o f 

o a isvLi i 1 1 c a r r i e r s y s t: a tn • h i a h e rap I oy a a r t. h ago aa. i f .: - e a < : en c: y 
. ! 1 ■ j 'j , '.\,\,< <■ ■ <-• ■■' , * !, i'i vi ' and which at.il i zes block. ■ ••• h .<a 

for :.:r.':.rj I ' > 1 ' r - '< t • ' '• ' ; • 1 . L-r.. . • I . 

T he e x • • • g_ 1 . i ' . i ' - « 1 - - . « a . 1 a y , : e . • d • s c :r :i i e . e ; - ■ ! ■ • 1 a > e r < v a a 



hiqh oei'f c^rnuince radio la i a .1 area network tyre 2 
' j, : !■■■>' 1/ :. . . .'.!.''■'. -A " ••..v.i a ,: - t i:C:;aaa.ea -. :• ee operated 

;t . r - ,._ ,j, ,j . . ; . j - nrj , ■ ^.... : ,,„ r , . : j , :■< ,- . .: up.. ,_.;/., 

is given m STSI 1'R '.[01 68 3,. Broadband Radio Access Networks 
d'iiiANj ; HI PERLAN Type 2; System Overview, VI .1.1 {20CD-02 
and the physical layer cf HI PER : AN/?. is described in STSi TS 
1 C 1 4 75: 3 rc adba raa R a d i a A c c e s a ne t war k s ( B RAM ! ; HI PERL AK 
Type 2; Physical {PHY) Layer, VI, I.I ( 2 OC 0 •■ C=4 ) . Ths multicar- 
riar scheme of C?DM r which is specified in the Hr?E2LAM/2 
i i j a t an d a r d , is very robust in frequency se 1 a a a i ve a n\< :i r a ame rr; s . 

Up to now , the Hr? Eli LAN/ 2 system and 'ferny atbea .,• a -ess com 
tr.uaicatians systems da net support transmit diversity in 
spite of the fact that transmit diversity would improve the 

as t> i . performance; and re due : v.-.-i.v i »• of East 

1 a a . an I i k a R a a I a : a t : • .a • ! . > - r . a a p J y i a g • t: a rid . , • 

praastrdt diversity schemes to nr. ill ti carrier comriiani cat. ions 
ay a terns may lead to various problems which ars hereinafter 
exanrcdarily described wit a respect to the HIPEF1LAN/2 sysceir . 

M;l''} : . 

: a F i g . 1 a -. y a ■ : a. a a \ - ; - 1 . : : r ■ • i; a t ■• L P EE Law / • i . . i . I u - - 

t rated. ' ? he physical burst comprises a preamble consisting of 
preamble symbols and a user data section c-i; i ; vi it user 
data symbols. In HiPERLAR/2 five different., physical bursas 

25 -i • ;• •■;>:•■: j ~ 'i.l > •. hire . j :. i ivique 

preaabla. However, the last three preamble symbol n constitute 

a periodic structure which is identical for all preairird e 

t y p e s . This periodic structure consists of a short: OFCM sy .n - 

of the CSI OFDM symbols. The so -called c-crftairJale depicted in 
Fig. 1. is used in HIPBRLAN/2 for channel est iiraaioo , fre- 
. r". •-, a ne- „• ■ ' i o i !. : :.| a _-.a , p.j y . P 

35 - •" 0 ' . : t . ■ 'i •> - ..; ; i Id' ••'.-•-•s j . •- li r. 

-i O.v 'd. l v .•«■ ;r • <::p.T . : _f . • I 1 r. f. v , i .air.-.:jn. 

tivaly low complexity. 
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The user data section of "he physical burs- depicted in Fig. 
: i i •> >• ; vii:;;,: ! iou'i.-: F. .. .". " ck r..vu e„d c i '•=.- e> ore : to 

rr-in-'i . . !!/_• ' '.: r > . .1 ■:■■?■■> 1 . 1 < r « d Ft 1 "< 1 i ' •"•<:\ 
swiol of the user date. section consists of a cyclic prefix 
and a useful data part. The cyclic prefix consists of a cy- 
clic continuation of the useful daca psrt and is inserted be- 
fore it. Thus, the cyclic prefix is a copy of the last sam- 
ples of the useful data part . The length of the use ml data 
part is equal to 64 samples and has a duration of 3,2 (is. The 

- •; 1 • '• .1,1.-, ; -.d a duration cf 0,8 11s or 0,4 /,s ( reaper ~ 
r i v«*.y . Altogether, a OFDM symbols thus has a length of ci- 
ther eo or 7 2 samples cor rs spending tc a symb , , ration of 
4,0 ;is or 3 , 6 t respectively. An OFcM symbol therefore has 
an extension ir. the rime domain. A OFDM symbol further has ar_ 
extMsiori in the frequency certain. According to HEPERtAl/2: d a 
OFDK symbol extends over 52 subcarriers . 4 ft subca riders arc i 
reserved for compiex valued subcarrier modulation symbols one 
4 subcarriers ar? reserved for pilots. 

From tfca above it becomes clear teat the HI Id izjm/2 physical 
burst depicted ir. Fig. 1 has a prctiafinec length both in a 
tide direction and in a frequency direction. Moreover, the 
• c 1":. I bjist >',; Fig. l comprises 3 periodic structure. It 

1 which k,v lead tc problems when the HIPERtAM/2 system .-yr a. 
similar wireless ccramwnxcaclon system has to be adapted tc- 



Fen: : vi. e... HI ,-'■'/ , • ,. above relation . -,: is: 

usually fulfilled because the doppler frequency E 0 is com- 
paratively lew. However, especially in cutdeoi eevrrcuments , 

relet ,:■.{■: large . ■ = 3 v .'1 < -1-. .m can occur" . ■ « 1 u e .u-i ' " : , <c i 

r.ion (?; cannot always oe fulfilled. Therefore, a transmit 
• i i-.et i*y so. 'f 1 1 Fi ^mF .de- : i:. !-■•-■ '•■ ..i.r. 

slrou.ei generally be a preferred transmit diversity scheme fcj 
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a i T.'?. 1 . '''[" '' . j. . 1 iC .. • CO l r J - i V - .< ' h, r [.."• ,'i .lilfv 

r:v. jp:-'.";-'.:;.'!!'.: ..i- !. ••,••-•1 -.I.- - - " ! Id «:•: ! . • . - p-i:. :.i 

L.i'- ;i- p.-.vc J c •„• • - >'-'-' v.her cOih : ii •: pp < i r ' L.O 

physical bursts having the structure depicted in Fig. 1 or a 

5 similar structure. 

hot \ physical burst and the OF PC eyecc. aeiuv :.:_.ed 

therein have predefined diniena i ;'ins in the time: domain and in 
the frequency domain. Concurrently, Sure -rpi l c time each 
■:u STBO data word has a pre determined length N. Thus, data unit 
fitting problems arj.se if the dimension or e,o ;ut OFDM syn 
hcl of the preamble or of the user data section cannot be 
mappec on an integer multiple of t> i 13th <>* 1 £ 
word. Moreover, whan applying 3TBC to the periodic C -preamble 

lost. This ie due to the fact that the one or more 3TBC data 
words relating to the second C44 OFDK symbol wi 1 1 no longer: 
he equal to the one or more STBC hat=s words relating to the 
'first Co 4 OFDM symbol. The leys of per iodic! zy , however, 

2« leads to the problem that the symbol synchrcni nation algo- 

rit h ti 1 8 wh i c> 1 make use of a periodic struc ture wi th in: t h e p re : 
amble can nc longer he employed. Also, : i- • • o M eyrtbel 

cannot serve any longer as a guard interval separating the 
0 F DM a ytnbc i 3 within the preamble. The rea so n. t hereto re i 3 

25 that in case of multipath propagation the first 06-1. OFDM sym- 
bol interferes with the second CS4 OFDM symbol which is no 
lonoe _• : si to the hirst C€4 OFOM symbol. 

The above problems and further problems no: explicitly his- 
31) cesser, above do not neon- when the date v/crds are multiplexed 
in accordance with the invention. In Fig. 2, the physical 
'aver of a Crtueceivee 10 which ie adapted to i op'l enent the 
method accord.: ug to the invention is illustrated. The trees - 
. i i 1 ,1 - ■ - ., ,, • , 1 •,. , ■ _ - • - ./, j r.it . an 

55 interleaving unit IS, a mapping unit IB, an DFDM 01 t 20, a 
burst forming cert 22, a block code encoder: .h.i a .<• h. t i p I t,r : - 
25, a r j . •: ■ . ; ,r„-. rr i • - 
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code or. , < 1 ' 24 - : '•> it. <'<i : : 1" : - r.i ~t a. L iv. '•- i ar •"• 

code.) / !■ lit iplexeu .u'l'i'c 2B . 

Trie traiisceivei 10 depicted ir. 3?ig. 1 receives as input siq- 
5 rial at PDU train from a data link centre] {DLC> . Each PDU 
train consists of informac ion bits which are to be frameo 
into a physical bur/a' , i.e. a sequence of OFDM symbols to be 
encoded, ratii tiplsxed and trransmdtted. 

in Upon receipt of a PDU train the transmission bit rate within 
it he transceiver ID is configured by choosm; nr. •;• -ad., i .: 
physical aiode based or a link adaption meenenisn A c h < i 
node is characterised Jby a specific modulation scheme and a 
specific code rate. In the HIPERLAN/2 standard several di£- 

i; ferertt coherent modulation schemes like &*SK, QP3K, 16 -QAM 
and optional £4-QeM are specified. Also, for Sorw&ip error 
i :eont»l, convolution a 2 codes with code rates of 1/2, 9/15 arid 
3/4 are specified which are obtained by puncturing o£ a con-^r 
-relational mother code cf rate ] /;3 . The possible resulting 

Kir r phyadcad modes are depicted in ?ic. 3. The data rate radgihgl 
from 6 to 54 Mbit/ si can be varied by using vat: - . -. ' ■ : al- 
phabets for modulating the OFDM subcarriers and by applying 
different puncturing patterns to a mother caovoinb icnal code. 

25 Once an appropriate physical node has been chosen, the M UPK , 

iritoinration bits contained within the PDU train, are scrambled 
t i . j 1 ; 7 t lO ' . i: he .-;c L "J . . f 

output; to the F3C coding unit 14 which encodes the K wia 
scrambled PDU bits according to the previously set forward 
a: -c i tor ■ : • - i on 

The encoded bits output by the FBC ceding unit 14 are input 
into the interleaving unit i £ which interleaves the encoded 
bits by using the appropriate interleaving scheme for :.! .. se- 
3! •.-•.:>. ■ .J :. i.cio.! tec..; It"" * n - 1 I i ;mo : t ^ ip.r. : n-. ;he 

mar. int or i • sub-carrier .dhiir.. hy read >.:■ ■ the 

IV:'.' I :VO!: tt • r/J* •- , ;r, , : ! . . I .-, ' >, ■ ,. p.b'C- . ', at- 
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corciaace v; i r r- the hhcs?Si:i rhys t cat node is per:: crrjed . As ren - 
1 •.■r ; above, the OFT*) .~v. • - : i :i r: are :v. dc O- r-d by iising 
— ,>y • " i , . r- 1 i ' i { t - ' i " 

pny; Leal node 3 e. eeced fo • its I r n : SSi on . 

The mapping unit 1 B outputs a stream cf complex valued sub- 
carrier modulation symbol ft whioli are divided ix: the OFDM urri.. 
in groups of 4 8 coir pi ex numbers . In the OFDM unit a complex 
base band signal it? produced py OFDM modulation as described 
in. FTSJ TS 101 c 7 E ,, Broadband Fadio Acres ? Ke «c ks :f>RAW; ; 
KIFBRLAN Type 2r Physical s PHY J Layer, VI . 1 . 1 (2000-04}. 

The complex base band OPOM symbols generated within the OFDM 
un it 2 Co where p i 1 c fc subca rr J. e rs a re i use rt ed , a re input i c t 
the physical burs- unit 22 r where an at •.••••>! ^ , < ». , 
appended to the PFU era in and the physics 3 burst; is built,,::-'. 
The physical burst produced by the physical burst unit 22 ha 
a format as depidted in Fig. Z'he physical burst unit air r 
theft outputs a sequence ot conpiex base band OFDM syitbols ir: 
the form of the physical burst to the block code encoder 24 

i , < •!..■; i oa of the block code encoder 24 is tic- -.jo . i 
■ verier t with reference to Fig. 4, In gei.eral ,. the block 
cede £T: . < j-rv.a. .e j.co. sion: v r '., ot a se- 
quence of vectors X «. [x,x 2 , . .X,.J T cf the length K, The block 

. . - ■. ... S " t „ ' 1 ■ X ' 1 1 i 1 

vector X a. data block cenpr ising a plurality of tvigiial vec- 
tors C u nc' r C ; *' a?; depicced in Fig. ■= . Each signal vec- 
tor C'*d C i; d . . , C :H: corresponds to a single data word . Thus, 
the:! data block geae rated iron the vector X comprises M data 
i : • is •••h ; i • d j :•: i . : ■■ - r:.\ - : • • ' • ■ : • v ; ' ' ■■ - • ■ ' > • - 1 ' > - 



Each data word C :,;; ' with r - i.-.M comprises h data symbols, 

i.e. each data were G liJ das a length of N. The value ot N 

:tu. re I iv.ev • r.e: £ > '• d- wa t :: :t x C .-y ■■: r-.u i:yy the 

in' . j i.\ .' : c ■ C : : . ... 'd.s rd i : < i: ,; j - ., x : i : . r * \ 

oral examples tor data blocks in the form of orthogonal cade 
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.-.v.. "ices C are <'.-.-•<:' > 1- ' drf S ,003, 4GB. In trie 

. . p : j a c n • : ■ . • / r ■ ■ ••- . i. ■ : - 1 1 « p : - •" • a t - rd : •: • '. . '. a •„ : : a ! I da I - -• y : , 

c,' of the code matrix C are derived from the components of 
-j he input vector X ar.d are simple linear Eunction-? thexeuf o. 
of its cOTplex conjugate. 

If a receive signal vacuo r. Y at one receive ant err: a is de- 
noted by Y - i'.". p; T , the relacionsbip cetweer. Y ai 3 the 
:•: o d e rr.a Prix C is as foil OVJ s : 



where h ;) ' represent* the channel coefficient of the channel 
f row the j -t:.h transmit ancecna to the receive antenna . h gen 
era ligation to tr-ore receive antennas is s . ra i -grit * orv;a rd . 



ing examples cf possible black code matrices re 
trans-witter antennas, respectively, are da s - 
cussed in more derail. The configuration, of a wireless cor.wiu 
meat ion system with two transmit antennas and one receive 
antenna is depicted in Fig, 5. For two transmit antennas or.a 
possible block code matrix C with a code rate P. - I ie . 



i - v* x: ! 
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f< l.Ki*=0.>. 



Per three t ran emit antennas one. possible block code matrix C 
with a cede rate R = 0,5 is. 



the cede rete P is defined a? the ratio oi t c Lsngth ■< 
the input vector if and I: hi isngth M cf each code word C : " : 

■■■■ hi: - K/N 

: : : M 

As can be seen from Fig. 4, the block code eric ie ■ ■ c ; 'i : » 
.for each data signal in the form of a vector X a da;: a. bloc's 
in the form of a matrix Ch The data block output by the block 
code encoder 24 ie input into the multiplexer 26 which wulzi- 
n.-. 'hi: ■> -ib ( ■.- .L":_r.: C" ' of each i.ai i n< '!'. in ae- 
-•- v. i * ! an externally provided control sror.ai either in 
clie time domain or in the creqaenty domain. Trie eerier >L sier- 
ra,, ie generated by the control unit i2 based on an assess- 
ment of the transitu a si cii const tair.es . The assessment of the 
transmission constraints arid the conn, rol 1 i ny of "hi- multi- 
piex'e:. 26 by means of i. he control -an.it 32 will be described 
err in more detail . 

In the nul ticarrier scheme OTDM, the output of "he block code 
encoder 2-1 is luxkuyted onto srbcerriers which are •; r' noy 
to each other. There exist essentially two possibilities to 



i l " .1 - . m • i - " i u ' . ' n-. 

OFDM cyst em. Accordii-c to a first possibility depicted In 
Fig, 6, the data words of a specific data block are extended 
in the time direction <ST3C; . ft; ocher wcrds: The data words 
$ are niultiplexed in the elite domain . According to a second 

po & sibilit y , t he d a t a wo rds of a da t a bloc k a i •=. e; : t end c I :. .-. 
the frequency direction a? depicted in Fig . 7. This means 

. , > ; -,-r i - i,. d !.:•., o: ••: : ;> 1> i _ _i ' . 

Multiplexing the data words of s data block in the form of a 
in code matrix in the frequency domain will in the t allowing be 
referred t:o as space- frequency block coding I SFBC > , 

As can t & seen from Figs. 6 and ~, the individual da:, a words 

of a data block are transmitted from different transmit an- 

15 tenr.a» . According ~o the multiplexing scheme of Pig. 6, an 

individual data block is transmitted on an i tidividuai sti$bM$~; 
: trier over a tirce interval of N • T, wherein N is the aumter 
of data syTrbo 1 k per data word and r is the duration of one or 
the data e y nb o 1 s . According to the n .u J I i pi ex i ng sen eme of 

10 : ■ ,'¥£%*:■ -'it ar. individual data block is spread over M sub-carriers 
and is transmitted during a time, interval. oC T . 11 can 
clearly be sear. that the nmltipi : ' . < ^ F„g S can 
generally be employed when the relation (A) is fulfil led end 
Che ru'.i L ; oj c--;.' rr; rudvene Fig. '? <••■::), jar.. uai y :-' erne! eyed 

25 when t be re lat i on (3d i a sat isfied. 

i'. ■ 1 1 i.i m ! ■ ; ye- , ; jc:;i; •. ■ 

icder/'itubciplexer unit 28. is input into tn< rasi..' ". no: i 

JO. The radio transmit tor 30 perforins radio tran-iiusaion over 

50 a plurality of traiii-uot antennae by modulating a radio fre- 
quency carrier with the output signal of the en- 
code r / roui t i p lexer unit 28. The transceiver 10 of fig. 2 f ur- 
- he ■-- c o-iTc rises a receiver stage not aepicted in Fir. 7, . The 
receiver stage has a physical layer with components Cor per- 

35 foi sing tin- inverse operations of the components depicted in 
i .. .. .-r '";,.!. i i n. - - • - " „i •? .. .- i 
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! > I - ! ■:>■:. : >. !..'.. < l r. l 1 : b- i t L t r. J e : : - .' ru •« • i ^ * , i , . • v ' i , 

, ■ . ■• . : , . -i .-. '.I- . . i • <: - ■ .. 

' : ■ ecn-j >] oj t i . ."• t<r. I o: - , t • '.•:.-!.• b r .• n • •• if.,. 

5 lore detail with reference to both- physical and data- related 
transmission constraints chat may occur if physical burs ;« as 
t ; i fr o r.e depicted in Fig. I a re emp 1 oye d - In a c coir-a a n c e w i t h 
ryjiical HIPERiiAN/Z .scenarios, it is supposed than relation 
{4; Ls fulfilled and I: hat. it car.ncu at ways be guaranteed that 
ID relation (3) is fulfilled. This corresponds to the realistic 
situation that the basic performance of ST3C : r&nsmi ssi is 
better -ban trie basic performance of SFBC • 

1 i -.-re means chat oiuy physical craiisnsssicri con- 
srraints are taken into account- In such a case the centred. 

:5 unit 32 nay dec ids- that the data blocks have co be multi- 
plexed in the tine domain. Howevej , :i f the physical :rn- •: • 

sibn parameters change, there mighc occur -be ease where . 
let ion (4) is nc longer fulfilled whereas relation is 
fulfilled at least approximately. In this case the control 

10: : unit 32 wild decide that the data word? of the data blocks 
arc no longer multiplexed in the v. iu.e doma i n . Insread, the 
control unit 3 2 controls the multiplexer 26 such thai the 
data words of the data blocks are multiplexed in one fre- 
quency domain. 

3o f ai . _ 2 I transi <s ion onstra i - - i- 

sidered. Should, data- related transmission constraints also be 
of importance, the control unit 32 controls the multiplexer 

2 6 by additionally taking into account data- raja ted transmis- 
■i. = ion < •us ii lit: 



burst lop ie led in Fig. 1 arc the preservation of a peri >d 

Si ! u'..t •;: t to i t i .. • Md" > • ••> -• >■■:■„ ; • ,• r : 

'hu-:'' ; • " • t ". , , ,': : < < " . "- •••nr: •;tJ..'s i.- to ; 
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muit:.plexed in the time domain- 'These two aa.-a-rel.ar.ed an-- 
... i or, c 'c : t ■ t ' 1 v < " . " • 

According to a first, scenario, the data signal has the scruc- 
> i: ure o: the physical burst, depicted in Fig. 1 and comprises a 
o user data section and a preamble with a periodic- .-structure. 
: t: i s fo rt her snppo sec. chat the car. a - red a ted trar.3tr.issi on 
constraint of preserving the periodic structure has to be 
taken into account while no data synbc fitting problem on - 
fil curs with .respect to the user data section.. In such a case 
the data words of data blocks relating to fu- ;o •■■■■-u-\ •■ J • :><■■■ 
.... I i: axvid Ln iceordance with SFBC in the frequency domain 
and the data words of data block. s relacir.g no the aser data 
sect. ion 3 re multiplexed in accordance with STfcC in the time 
13 domain . By multiplexing the data vordc . i ; * tv pre - 

a; ' 1 1 1 • frequency domain a preservation of 'h 1 , ■ :. i : 
the C'VA C>F'rJ-'t symbols and the two C6-L OFdM symbols cat: b£ 
achieved. 

Ki According to a second scenario derived from the physical 

burst depicted in Fi.g. 1, the periodic structure within (die 
preamble has to be preserved and additional iy the data symbo.' 
fitting problem has to be taKen into account with respect, to 
the user data section. Like in the first scenario, the data 

3 words of data blocks derived ?. rem the preamble are ">n.t: • 

plexed in accordance with SFBC in the frequency doraairo Due 
co the data symbol fitting problem the data words of the last 
data bloCK relating to the user data structure contains less 

, 1.- lb : '. : r i. >■ < ■ '■ 1 d.i < •■; ■ ..V.: <■. ! h>- 

• :'. . . . .. * . . i : . : . • i .1., - .i :.• ' C 1 * d j Co-* . .rd • O „■ 

;i; .- i r '.. "i ' c ■ ■,- ■ : . < '•* ••• ! i I . J . ■ . m r !l ■ u ■ 

v;he .tin N r . is the total nviiiber of data symbols to he trans- 

niitteo over one r ra n&id ?; antenna . 
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Ac cord ir.g t..o a third scenarios the data-related L^nnmissj on 

7," ! .f i j " " VI .: t f O • [•■■:- i • i • : :■: h i "..!■.•• i • ' - ! r ' 

r ' , • . j:. not ' • oil . '- i • --■ 

problem Is relevant with respect to the user data section. In 
this case the da t a wcrais of data blocks relating to the pre- 
,i ml.;.; ,-,r: , i.. • •.• i in accordance with STBC in the tine do- 
main and the data words of. data blocks relacircj to the fisev 
data sootier: a: w a f . ; ..J ..emo or c'v^Ti::*-/ 1 above for the sec - 
ond scenario. In oth« r v,'crds : The data words £>£ the last data's 
block have a length of N, data syi-.bo.Is and the data words o± 
the previous data blocks have the predefined length of N data 
symbol w . 

According to a Sound! scenario, the data -related ft;.:, v. 

taken into account and the physical transmission constraint 
of B. :: .v N/T is at least approximately naif i. lied in tdiiEf caste: 
the data words of data blooka relating to the predtlible: aisi 
;-..f rtlexei iu accordance with ST3C in the time domain and 
the data words of dara block a relating to ;:ho user .rota sec- 
tion art multiplexed in accordance with SPSC in the frequency 
domain. By using STBC ?or nhe preamble a good channel estima- 
tion cor: be performed. Due to the use of STBC tor the praam- 

o lightly worse performance of 37BC can be compensate i 
b v mem. s of re c e i v er el go ritbms f or :- n t er f e r e nc •■ suppre o am . . 
baaed on the good channel estimation. Using STBC for the pre- 
amble one SICK: for In use::: v o : c i_ o .i ha.;? "a' o 

I . -. : ," parol :ap no: r 1 t-L !•..•;. •. .•;n.:n n '.ope ~t r: r te me' 
datd section do not appear. 

Additions] Hoenariofe based or. further combinations of date- 
re rated n i I - 'o-iri- i >• .. i; • it > .■'■')•:•>, --i'.: i : ca.n be 
realized in accordance with the invention. Also, the tavern- 
■Too can easily be gy f f to data „-d..., or having a n. . u. 
different from the a tract are of the physical burst depicted 
,. "'In '! f i' f e 1 i r ; O'' . o:o: f -■ > " 7 -aol 
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1. h merhcd of iplexir.g ctaU. word? in a rnulticari: i.er 

r j area : 5 t :. i ■••e :. ~ i cy sysceir,, comprising • 

a) generating a plurality of data blocks !C) ., each 
data clock (C) cornprisi;**: data words ■ -Z -...<•■■■ 
da i i J 1 -' s, 
rivet from a data .signal ; 

b) determining for ore or more data bio :ks (C; in de- 
pendence on at lea sr. one transmission ccrv- • r.h : . : . ■ 
she data words { C n '' 1 oi said one or tco re da '..a 
blocks (C) are to be ir.ult iplexed in the time domain 
or in be n ir nsy doaarn; and 

c) i:iclL iplexing the da .a words (C ,l! ) of the data 
blocks (C) in accordance with the determination! ibbc 
.step ;:) , 

TV> i - ' img to cie,in : 1, 

wherein the data signal comprises at least one of a pre •• 
ambl e ar.d a user dat* .-section. 

3. The netted according to claim i or 2, 

wherein the at. least one transmission constraint coir,- 
prisee a data - related ttansrd ssir.i ; co.v.r r:.-i:vt . 

>* . The w a t hod according to darn 3, 

prised within each data woe; :C il \> which is :o be nul . 1 - 
pi axed in the tirae domain . 

■;. r I-,- -ret!' b h."'t i •- . i- •'• . 

.-.:,-! • d'i c.'ie area a. €"■ ■.■><.. i <■ ■ ■- > ' >• ■ .:'••!.:>■' 

r,. lt >;,cr eh 'd r-'H., d.'b o .v.- ia. . ;b. ro.. 1 in the 

:;i«. e domain arid idle data ■,■:■>,> CO ( C ; 3 ) containing ;nara cr 
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n i.Ki-"j.'i::i.-. 



queue y domain. 

6. The method according to claim d or 5, 

wherein t.V-i data sicnal or a portion tbercof has a pre - 
defined iencjtn and where ir, integer multiples of the pre 
daSinsd minbsr of data symbols <c. ,i: ) are arranged in 
data blocks (C) with data words SC H d which ara mtlti- 
5; .:e;::i i h vns domain ana a remairder of data sym- 
bols {c j 1 ') is arranged in data blocks !Ci with, data 
. , ; , - c :i! I *h±ch are multiple xe.d i n v. he f r oq u e ncy do - 
main . 

?. The n-et hod according to clain 6, 

wherein the user data section of the data signal has th 
pre do fined length , 

■Ey; The method according tc -lain ?,:,:. 
wherein the do t a words iC {; 
■;o cl-.e preamble ore either mul rip] e xed o .npletely in th- 
frequency domain or completely in the time cocnai" de- 
pendent on the transmission constraint, 

9, The method according to one of claims 1 to B, 

whs re. in the data signal co* , , i< • \ ; 1 i- 2 

structures CS4i, 

10. The net hod according to clams 9, 

wherein the one or more periodic structures {C3Z, C64 i 
are contained within the preamble. 

.1 3 . The method according to claim 9 or ID, 

In- ••!...;.. i :.!•• 1 S .' > • - 'i I ' a 

.•".>.•.„ •->! . i>- one .i , re ;•• j .:lL.-' „- u ; 



The Ttethod according tc one of claims h zo 11. 



«"( i [:'i»nr<<r::h< 



wherein at least the data word 
■ to :. ■ c p e 1 ■ ! i i a s C rr e 

Liplexed in the frequency doiaa 



(C 1: ) of 
ures !C32 



The tret-nod sccordi rsy to cl^na _2. 

wherein the da ta words -C (ii ) of data blocks 'Cj re .lacing 

to rite user data ceccicn are m-.il tipl^xe.-.; in : Je lias do- 
main - 



The method according to one of claims 1 to 13, 
wherein the at leas I. one. transmission constraint oom- 
p r i a ft s a physical transmission constraint. 



minerl based on st least one of a coherence aandvidth and 
a coherence tine. 



Th e method according to cla Lit. lb , 

where! n the physi cal r r. an sir.:, s 5 i on const ra ) n t i s deter - 
mined by Assessing ii the relationship B f; >>KVT is ful- 
filled, wherein B c it "he col f 
number cf data symbols ic, ,l! > pear data word ic u: ) and I 
is che duration or one of the data symbols her 1 ') . 



Trie method according no da in .1.5 or It.. 
v.rhere;.i- the physical transmission constraint is deter- 
mined by assessinq it rite relationship t,«M" is ful- 
filled, wherein t.. is rr.e coherence time. M i^ the num- 
ber of data symbols Ic* l ') per data word fc : '} and T is 
he : i . 1 • ne of the th- < •- ''tor • , i 



„ ■ 'i r.i - - i 1 i , _ , « i i . 

..■h ...i-r:: i in - 'j : t i i id -•!-•• ' ••.ji.'.. : i 

t - !i ; i „ ; • ..y : l "•'•a it "• . 1 a.- - 1 - : ■ '< i 

words (C ,;i d of daca blocks *C) relating to the preamble 
are . v j - L -. • • - • _• ~ • tite :j.p>- d;>>.. >t vr.d the data word;; 



iC' V: ) of data blocks (C) toldvi:v.i to the user oaf- a se- 
quence are multiplexed in che frequency domain. 

15. The metlcd according to one of r la ins 1 ic ivt 
.5 wherein tbc data blocks '.O are obtained froai the data 

signal by neans of block coding or by ir.ear.5 of pcnmr.a- 
t ion . 

"::}. The method according to one ot claims 1 to 1$. 
io wherein the data synbe* s (c^ 11 ) arc; modulated onto sub- 

carriers v:b i c h are or t h oqo na 1 I o e a o h other. 

21. A l.'iul-ciplnxer (26) adapted to multiplex data words in 
accordance with the method according to one of claims .". 

15 to 

22. A demultiplexer adapted to demultiplex aa_a words rmlti 
p: exe.d by the multiplexer of claim 21. 

2i! 23. A transceiver for wireless communication, comprisino a;, 
least one of a multiplexer according tc claim 21 and a 
demultiplexer according to claitr. 22. 
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METHOD AND APPARATUS FOR REVERSE LINK 

SUPPILMLNf AL CODE CHANNEL FRAME VALIDATION AND 
FUNDAMENTAL CODE CHANNEL RATE DECISION IMPROVEMENT 

5 

BACKGROUND OF THE INVENTION 

Field of the Invention 

10 The present invention relates generally to wireless communication 

systems, and more particularly, to such a system, for maximizing the useful data 
transmission throughput in a data tail in winch data is transmitted between 
wireless stations on multiple assigned cbanne's. 

15 Related Ait 

A wireless communication system can be used to irrmsmit synchronous 
and asynchronous packet data between a wireless Transmitter and a wireless 
receiver. For example, the wireless communication system can operate in 

20 accordance wi Eh a High Speed Packet Data (HSPD) feature of the "TJA/ETA/IS- 
95B Mobile Station-Base Station Compatibility Standard for Dual-mode 
Wideband Spread Spectrum Cel hilar Systems" (hereinafter referred to as IS-95B) 
to achieve a packet data transmission bandwidth of tip to 115 kilobits- pur-second 
(Jcbps). tinder IS-951L a mobile station can transmit data to a base station 

25 receiver on an IS-95B reverse-! i nk traffic channel including a fundamental code 
channel (EC OH) and up to seven additional Supplemental Code Channels 
(SCCHs). The. FCCM is a variable rate channel capable of operating at data 
transmission rates including a lull rale, a half rate, a quarter rate, and an eighth 
rate. On the other hand, the SCCH operates only at a full rate when d?<tais to be 

30 transmitted, and at & zeio rate when no data is available. 
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Fnct j Lit i r< msi inc. ots the FCCH and SC < 11- i . :> n boned into ;.u 
millisecond (ms) ..'•ulv ran..: J na r .ere . C h.nvt' .'I*,,. J Ha ra"c «i,n • ium". 
r - » « 1 1 • in i i | > on ,i 1 1 .me by 1 . i» 4 < < i > • », « i * i « j „ •(' ■ ... » 

IWSndwl (h n: cl 0 '« i n ;•: m ! i • i.'d diitS fffijQK for RE leas- O'ao u:;jviis, first., -.>• 

5 'UL 1 III I t K "I 1» i Ul Jt I *j| I 1 <( '11 I I '1 I tit' ,|J --I" 1 

c«:'.rrup!.ii?n of su :h t.rafi;;m-;.tt\s rale ononwiln aa would ad vcr-cly abed Lip.: entire 
!- jt.i sr > i ii n ■( i noil is not included n c > • n 1 a> * i < o» • 

rectr!V''v 1 i re ttom each received di 'a <i uk. o.-vhIuho Ik. nid of 

embedded rate information) the rate at which Ma- Cma ^v.jn U'ji rs.sro «• ' a- J to 

0 [ I cp i y ' i h: i > h j ... - 1 v . r to prope ily p rocess the J.iu Mia o i<rv. Known 

methods of determining data frame rates t^Sst tb; m " ' it.. < .'i i a Howevei. 
such methods are insufficiently accurate and thus unsuitable for packet data 
traffica. y 

diTherefore, there is a need in a variable rate communi cation system to 
5 accurately det ermine a transmitted data rate for packet data traffic at a receiver 
without embedding rate information into the transmitted data. 

in the . • h i \ * d^e a bed communication system, die mobile station srmbs 
H%ti:ihr<r. m<psi-;rs- st *« *H ,i ;<i lament and de-as-:u;mnenJ if. Mir k'se station 
based on the amount of data the mobile station needs to transmit. In response, the 
0 base : u ! ! iou dynamical!) allocates and de -alloc ate;; SCCHs via signaling 
m< -■:y,i;-<-<. A L r i:in ; ..i ami 0. •• aligning SCCHs. h;t sodi oi^UM?' n;; can he a 
s , i- -i <■< i am ud ;hus wastes valuable d, km u . Uin-i^mm 
boFawhjH.ba anndna*. ci flc- assigning an SO 'H .:••(> .ad' if lo a \>,-;\\ ?, ■rv<:*\ 
To reduce assignments and de-assignments and associated delays, a 
5 mobile station can operate in a discontinuous transmission (1 >TX) .mode while a 
SCCH i" j ni"iio'i m the ,n Td. a ,ha . 1 p ids. mode p. m ,.«- rs - indd 
station io smp trroxsirihtnig on the iissyyaa! S\ 'CH wihJe data is i fnavahalale. This 
is rdbrred to aa da*; 1)1 X "blade-out" naaod Han DTK anode also permits due 
mobile static, i m onanx- liruminUuiy, .a, a von a-; «j,i!a IahihiVi avadrn', duss 
0 avoiding delays associated with assigning arid da-oasey; ny the SCCH. 
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Trara-aaitka! r ; ia i learn typa ,j.!J) c!o not include D'TX 'ue.'«d ' inp «j ne 
similar radons as nirniHried ;il>t,-ve. v.-nh ^eei a : . I.o n;n' ,iif,:rmai-ors. Since tiic 
ream > , i < ; i * . j ii j i i '1 1 1 v i vl , u •;■ , i b m i j 1 1 «' - , > ' i n « i , '' I j. _ 
oul ;>..rlr;.«. : „s, lb:..; e-.ra: v:;c wtuitimisly ecia ie.duia»es aik) daeude.:-. ! Jk- HaC/H. a-s 
5 I . ■ n 1 ■ i ■ i. h u S 'Hi, •* . « ■ n i 1 1 L - v 1 1 ( 1 ► i j • « < i b I I , , i m i , ■ • , , 1 1 , ! < i ; no d at a < s 
! M ••»)<' i ii , 'in k thai is, when the demodulated and »*« *n n . u « > il I 

Therefore, it is desirable at a receiver in a communication system, to 
drtrt .mi mm: Ivi v>'t '•. ' ii ,la - a> - i at i:-: mission period? tin j i b« \-.-ohA es a. to reduce a 
like '.; ill n-ij "['Lit br^sltj ;l;i'at is declared to be valid at the receiver, 

iH ftijHv.cs i;-s«v na'h IS-95B, each transmitted SCCfd dma name includes a 

12 bit C\'l Kj.JatK.j uc y Code (CRC) for checking (he validity of the data in the 
data (ran at tJ civet Additional observable metrics, such a? a Yum,! a ad- 
measure. ,i -ymkai error rate, a frame energy and so on. can be nr.ee a> ! vane 
improve on the CRC check. There is a finite probability (T u - 2.4 x 10' 4 ) that 

15 : . e democttilatedaTandom data associated with the black -out: period, or noise 
corrupting a received data frame, will cause an erroneous match of the 12 hit 
CRC. In lite case of a black-out period, a non o'-osiei a SO' ! ! eata frame or 
"random frame" corresponding to the erroneous CRC match, erroneously labels 
the ii - v ad random !r<an,-; .-ss a valid data frame 

20: : As is toiown. the transmitter and receiver fyp-c.-ety i:;r<i-::'it;:iit 

complement ry ar e.i«aliai, layered, cornmunicattm" nmn . oJ l.iyc", im !' dit«' a 
'-' , - 1 ,ii j j a ! > • r id an overlayi ng Radio Lin i ! b r i - •! ; Ra P . ; 1 ear. ( >• 
hK-u-fi fab k be,, i ee, ilae m >\ iretess data cor h> <m > ,j! or i 'e.:-' a, the 15-707 
R.hIp l ii, 1 V > i 1 i> , 1 m layer sends u; i 1 i ' um . * I', . sii 

25 1 " i » t t , [• * .nr.! i I m« p. . in. i~R< i i- r i nr iitij 
ahovm b i rid from) the Rbl' In. Hit' al bit a,ced.m nml.N Ibid' jiaun 
■■Jill 'ii' « iiu b i ,«,.,,< d ei i a... it uali ar <- I «i u , • I "inn \ nee- ie 
r i-ai— ho ,!«.i1 control. 

During h : ack out periede n has been obae r\ a r.l dial pusi.inia mink mi 

30 rn\ , , ' di J ' il n i a a, i f , I'll ria a « 1 if' 
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Pi'j.'..; ck. A i ,„.-.'* ,.m either the FCCH or SCCHs Por ' m pie, ideRLP 
will resell and re-s>J!i:hr:uM.-'c UboH d ids nave-of! si/niecnc,; aaaal>.a\ eaosHeaATy 
embedded in the random lvalue, is outside of a pmderenm an* soe,aence rarmPei 
vond*^- ib "OampJe, 25A muiy from an '«<> aed t > ai * , > nher 

:" APeina'n-tdy, Hie I'd P vdil no h r.st a n Inaomeo.r ea -«l ,al A die -Jus inane?, 
i ; " L'.e 1 1 l ! , 1 e c e i v i I i I v\] > I •, •. •. > , t , < ' if . to Ai l 'n P I ' 

croi r m t, f ,>e . t 0 .advantageous! y reduce n Jul d-r h i . j r jr rf ,,„! M ie 
r'.vxuid ua.'O most A i he availhbjc bandwidth is uUs,uA to m^yar die PI <"* or 
v. arefrsnsmd raouenna d;u::i irarnea. 

0:: Tfien.ion.. ;A r i 2 need io more accurately vaiAiik d:i?;> i'nross at ft 

receiver in a communication system, to thereby reduce rhu- <ky S ;rkmeo o! ,\hAi 
RLP cnor control processes and correspondingly >ik-k -v. TunmP bandwitlih 
efficiency over conventional techniques. 

5 y UMMARY 01- Tim INVENTION 

The present invention provides a method and af.pjaaT.!* ioi maximizing 
Ihroughpui of a data cad in a wireless communication system m which data n. 
transmitted from a wireless si a! ion, such as a mobile siadoj • <vt no : 1 i , A- assigned 

0 >'l'.nn ;'U' ei ,i, <.< «<S' r < 1 .vuh a known transmission standard, muT :ia IS AA'i hi 
on*? m.>ixiiit"A:i\: . ihe r»-»n-.; •!■>!•.• unsigned channels include a fi idamun 1 a <> 

and a; i n u < opl m >m s! .Justine!. Data is form iAu s-n < -a <,a. Art;. 

fra-re md Hi, unh 1 ' ii mdamenfal and » <• ,> . hi,i\ , A 

wii.Pi. it , es m i I' Pu - 1, "ton, receives 1 1 n Apf i d 1 I > i<i-n 

5 The wdreless n=x:eaef denaodaterra -an! A"oocP:s data frame/; ream: need eraa each 
of the amdapk a:..-- aeed eAemePa The '.enclose receive: dtreoarema a ha Ay 
initial data rate for each demodulated ami Annate dam iaanae An: ndesa 

>■ ' l«' I : all i' 1 1 d Ail < 1 ati l * . in » naeia; a >a . ' , n> 

to areaavara. trtui aaesean pjuieeia faaaid.au. a.; deter; mne a reaaen er. ''kelifniad 

0 naiahinalion of data rates. Tire maximum likelihood combination of data rates 
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inelud« :• is ;yi,i\>TfMHT. luVimuci nan- > ate c i-e'-espondmy io each Vk«, lydnir me 
DeccxieJ ia 1 'ni'k'„ ji i, ,.>,( i ,| a J t „ , ,i i i . In r .,u iikeiv lata • ml sje ; 

•,1C* la ' Tt itC II -Jlifl .JOti'l',"! ,»«ive«!lil I '1! .'hll. .'« L | Jain ,.!!c;. 

5 Peaty re 1 -; and A..ctv'rrr*ages 

The pfvr'cni iijVciiJjuri n .rconies the ar ovl n i r, , h > I peoluci: i ral 

repre.s ; n um uvni over known rate detci v-anni.m". M i,i validation 

tec I 1 ; 1 1 ; \ » « l . , i ( i ;< \ v i ; c l>->.< J a t a com mum i eati on reed v er. 
0: i i The p.c-cii! )i. v..';ition accurately determines : ! L u;in-.miiv<ictot& 

rate for pac<t i data ln»»Tic at a wireless i«ceivcr without embedding rale 
information into the transmitted data. 

The present invention advantageously reduces a likelihood that invalid 
data wjl] he declared valid at the wireless receiver during both periods of data 
S : liMSmiisiMiaM black-outs, Mare auociticalfy, the present invention enhances 
: : the aceuracies of rate determination and data validati; mn\ i he •'acesver, and results 
in an increase in a imfTic channel bandwidth efficiency over convention at 
techniques. 

In a o.cmr-i./Hi .'son system including fundamental and supple ru in • 
0 channels ope! iimy m nt > >rdance with IS-95B, the pre-: "a i.nv...uLii , n ^proves the 
ace»:« >> :» '* ni 'k.-a mtr>a» »• r«d daia validation en She ''«i5i«'amunt:i! Jiamiel 
. s ■ ■ 'i ; sapjak eaeea '.;fi. r ; ■: t ... i i ..: -::\{i:>.\U r, n >.: ast avmu'ils, 

BRIEF DESCRIPTION OF THE FIGURES 

5 

Itv I (if. »e;y are< , i',. |. anne -in,; a«]',-Mi(,'>,, . , h p, ■ N ij l; , n Vu |j h.- 
apparent liutu ilie ieniovvniip more fauna a!, a' » oipn f 'a of the exeupkart 
eM.»hoG,,iif-aJ'- fk 'k eaenlesi , ka ,n -,h na- m ( m ,pan;.ip' ikriWM*??-: 

FIG. i is a. block d i a a r a ; n of an enen tpl a.r y ek : . ■ i Lai cea i ; mm aeati ( «1 is system 
0 Kit'' m e.inea it a pa: -san .a tenia a. aa>« juyMeiiioniou 
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I'iii. GYo in i Guana ioa rd an exemplary [aioa ' loHme dGcaan G ,n. 
I'K'tl >< e 4 -u.pl PiiL,n • 't'riM.i-j Ga«e mi u( i < i onrc u' , a ;a e 

seen. 

hh'i.2 r>. a sb di .pease oG in a\;. raphe) imase n£ ena hi. •! f maeoa.cano 
S , ': G !... t ;i 1 1. , i i -i » a i,i »yl , r icco . i i it '1 , •! u i 1 1* it is i I ' LG . I 

PK1 a in an islu .nation of <in exemplary high do vd method GGessenmum 
tt-n in 1 i. . !• m dm uionof rates used for J, I J i<» I i i 1 b in ' - m 

;;. i'cc::- i 'vi.".r v .b FIG. h. 

FIG.. 4 is an illustration of a method cnr f r.spm,dom m .in exoaepmry 
10 embodimers; ol the parent invention, wherein a receiver of FIG- ! receives B- 
lJ ?P ) m: ; vCbbG OGha GmneeG 

FTG. 5 is an illustration of three exemplu/v t.G ini? >h .^ams (a), (b). and 
(c) correspond i ; i u i o :\x.-. ■ , i (••vly lo an FCCH arid iw •. i .ssmn^ » '«.'< ' lis, and used to 
illustrate the method of MG, 4. 
: I 3G : . : 1 FIG . 6 i s a b lock cl i agram of an ex empl ;s ry com pu f e ; s « s ; e m . m )■>• : i i ■: h i : v;- 
pmst ol invention can be imp] emeu led. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 FIG. i i s. .t bk >ok u « am ;.m uf an exempku v ..' •. t: i J G i o : in t ,i a , ,<.-mS i.u m\ > m 

100 in which the present invention can be implemented. In m exemplary 
embodiment s >. r. b m i-.u CDMA cell ubrtek .G mm- a.oei», h, - . . t i - r ■ . 
be tnitli'fnw i'.mi Ge present invention is linplicable lo other types of 
eemnnavii auiou oae.csm, such as personal communications mam-no /PCS), 

25 wireless local ioop.. private branch eacfaruge (P.BX) or odea: known systems. The 
pv-mii invention G al > spG* , 1 1 < I • t i ,y.:- :na- mans ether, vmb knm«m 
transmission modulation schemes such as TDM A.. System 100 includes a 
wiretens inn.stnnrei J G'and a veeeGss reoeiver ! 20. c.-.;ch of vGeG cir. he paea of 
a base station (aGo hnovvn as a cell-site) or a mobile station.. Connnanreaboi'; 

30 t a en u e 1 1 -e a i i aa G 0 n * mc • : i v r a I .G ad so , a- . . e : ve ■- I PI J h d i sp o < c d 1 1 1 a i a t a >; » e 
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station is known as the :i| foov;ird iiakO ami eofrajxixxst/: oa Onm transmitter 1 t.0 
m< i-ccc:v;-i 1 2 Mx iie.i t ecu <• f (20 i disposed r • aa ,' 3 ^ 1 - i kr:o«m as tn.c 
"'■vv;r;i' hi.:; " hi Hie • a xr txh d a,. ,i, ! ri ui ,u > o Mm ik^i .'d iti a 
ivn. ie.-,- st. in en. sxeb as ax raxa 5a xal aae aed eaxaua I r, diarxxxi mi ibo 
5 bivK" -w or ( A A; : .. i •• ;»a,;va s»; r.r-r (pi ; , •. i ...A reeei vc-r 1 .10 oox ai ,- 1 • i ;r,-,i x, Ancc '.\ i i h 
IS- The xsexrmlaey AasVlA system aaxx raxij: m seeoisxxxx ; x?tb Ov'TOi 
allows for -data communications between users over terrestrial links. The 

a, -n ' ' hi. ' (i hi i i » applies to a CDMA x i i a i» a i . , i d.<i 

with Jnfciuan-.".j.!-:«j Tel x -ommunications Union vvirdo: J.,:. immunisation 
10 iL.a.i i Js u ir iSaul ,..,< ',. i aiion, international Mobile Tcaec^exru. neuiimB (IMT- 
2000). 

Exemplary transmitter ! 10 includes a controller fa" r <r • •otmreh-iL: ine 
■ a opOT&tioneof atrarismitter 110 and for exchanging c ommiinieatron :ai piling . 
m format ion with receiver S20 to assign and de-assign cornnliinication channels 
IS: a during call-setup and tear-down, for example. Transmitter J 10 in etudes a : 
: : transmit .■channel processor 132 for performing transmit demrxi raxee;siiig for 
one or more communication channels assigned to trans mi Uer HO, 

A data so tree i 34 provides data 136 at variable dam ia<<--; a.i minsmkrer 
i 10. Data 136 exi ; v synchronous or asynchronous pac ;et dat; . as is known in 
20 the art. Irs turn, transmitter 1 10 formats data 136 into consecutive:, variable rate 
data frimxs, eac-'i havm» an exemplary duration of" 2<i miihsceotKb. In the 
e.\xnr: ai \ <arrki .. ax lit a; Oil' ptocesstflg Col ae> «a- a' a- ,i A..,', i ai n ai,,<i 'k 
! t i > ; ( s ,.j rati < i,a i f « ;u. x, i lai six; with TLVELVlS-70? * i a lb? ! ad k- as ' IS 20 7 " ), 
. . t j* . a ' i a -W" * t. x n< • | l>- itoo numbers \ consecutive data hemes for 
25 purposes ot" arror collection and sonive.; Then, fxnsexA channel xrsxessor 132 
i-torua [!!.•:.••!. «-xa.- a tec Ann Aniens to prepare She dim frames An wireless 
traiissiiissioii to jecetver 120, as will, be fmthei described be tow. 

Transmitter 1 10 mans mi rs she dim frames to recetvei 120 on a traffic 
• Aaxx } 140 assigned to i inn saaiiti :i I j.0. In the ex. nm'ary erobaOisaerr, . traffie 
30 channel 140 is ;i re', exAirA AOAAiuaff banaai oiaaaS.aa ai a ceordancc 
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wif. l i I he [J'SFD f-Va.ure of IS soil. The IS-95B reverse- 1 - r>k !r;«iTi;- carta is! HO 

r shares s fsssfsisaice et>dv ciaamsi (rs.'CIii I : . ma cs.r> include up to Severn 

additcsnl 'ajppicvsenisii uxb chmirtc!> (Si X s f-2 Sr : . 'SO, S •,. S S«.. S<;.. The 
FCCII is it o i.tOO o lN ihiicl « ip.sO'i «s opcTsung .Of Osm- r l . (also 
5 ■ \>: i m i. h i ' i ) r 'in j,< t * t. o i l | , > „,i i .ji. [ 
« <t 1 n H i 1 1 ' , t ' M 5 Ml I , , i , j „ i it S , in, u.i -ii.ii i jvc i 3 1 ui I 

sk<i i ! M" i<! t vi < if n . h.iih of the assigned SCC I r v-\ 1 '< 1 i 1 < . 1 • ii i u 
■SCCH ,uH inn- wlu-n ts )i> be iran&railted and at wto i-m- u»unw DTX 

' ' 1 ir ■ i > < > * 4<leiobc transmitted. I edes SS-'-O B. of '( >! -: :-0 S,- 

10 can only transmit (at die SCCH full rate) when the FCCH is ctmcnrrently 
terno-ret! v,:> ■:,<- do- I'COM tOD rate. The present invention mi loo .nl v,!i cg-.oii Mm- 
JS-95B traffic channel restriction to improve the accuracies of determine! g FCCH 
frame rales and validating received data frames, as will be further dt:<. i *-.\ 
below. 

15 In accordance with IS-95B. the above mentioned rates fall mm two 

: Categories, namely, & first rate set RS 1 . and a second rate sc r. k .S R s ! j i k.O ; > k ■-. 
J he following rates: 

J ) FCCI I rates of 9600 hps (the RS I FCCH full rate), 4SO0 bps, 2400 

b'j or 1200 h;j:>. suo 

20: : 2} SCCH rates of 9600 bps (the RS 1 SCCti lull i si ■ ■ > os /. • : o bps, 

On fnr ii'lii-r Void RS."-' includes the following rates i 
I } { 20.1t rak-s of 14,000 bps, 7200 nj 1 c if f 1« ) ! >pa ,. nd 1 800 bp*: and 
j :o' i i ...uo of ! 4.{ (00 bps or zei<, '%!•«> ) i 1 < i iln i nun i v mr i ? • i 1 

the ->n'-or»i ii if m : - ' -kpSi. i ».> commnnication system * imv-i-i; i "i mIci 

25 lesser number of dsta frame rates. 

Still with reference to FIG. i, receiver 120 includes a controller 1.50 for 
control hn;; rh.o rcci-.w-;-': \mi N>r e k.-cI-i;.! r fejysri:^; si yn niv s"t,,r.-ii;-i : ion -.vi»:i fi-;.rt-;rriit*f;r 
liOtc ;:i?iiv and de-.-ji .-:!;•;, irafj'rcclru^icf!-. Kccovcr ! .OOtKo uai«;dtr ;i receive 

channei pr« censor 1.52 for receiving traffic channel 140 and for processing 

r>0 Jccco.ad das.j P ancs so a - cuvlO (OieLcl '3m-.' I i-'< o,j, f i,;. * U> p.jl 
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data J he ai ear>.-arai.tei I SO iCee r-a-c IcOUeavos rocket dale ie4 in a dale aid; 
{■60. in the e'-crripCn, <, nh ehm-en 1 .receiver CO and V a cam etc a J JO hod 
implement 'aavrplem.enL.rv R] .!' ; ' levees in Eiccordarice amli IS-707 Controller ! 50 
can include one « c r nuae corn re I lem nee can can can peas one or more rrsH-.'ssing 
5 itinct'iori'. receive dhamH processor 152. 

The , i r jTc-i'iKd channel uansmission ii.nm.-ria of the: 1% * i 
HSPD rem l. re am i'lecs mtmclv depicted in FIG. 1A. An imeaip! j.sv transmit 
timing dime; an > t ; i > < .. tbv FCCH F and an exemplary tram mn n m i a one r;m : (In 
->!";«eo(>ef)n:.:;i.!! v ay-.:yra?d SCCHS;, arc depicted in HG. I A Tiiivm;.;dias:ivm t:i> 
is a plot of die IT CH 1; i.iMk drate (Rate) vei >\i>, li me. aad 1 hm !>g i hagram fb) 
is a plot of the SCCH S; rmnsmdted rate (Rate) versus time, 

Ref.n m t i in mo diagram (a), transmitter 1 10 trci snni-, ■ ).« dr. I 'CCFr at 
the M,qtMi:.:i , hh.f. metrth, and full rates during coimo.-uu ve portions |*?2, : 17%: 
176. 178 and 1 80 of the tuning diagram. A time interval IS 2 . represents the 
duruien ol a smyde m. v-\ am ... data Tame, such -as 20ms. 

KeJc:m > ! - > i h >< di agra m ( b). transmi Iter 1 1 0 co nv < \ rre : i ! I y r;j i ■ en ii is on 
SCCH Si at the SCCH full rate daring portions 190 and 192 respectively 
coincidh y vedh ponions 172 and 180 of riming diagram (n), in accordance with 
1S-95B. Cu!ivei>:e!y. is emitter 1 10 transmits on SCCi i S, - sro ill- f hut is. 
transmitter i 10 cCer. m>; LicMf.mil) during portion V> * if ; uum- diagram (b) 
n'n'"..il, pi >i, , ["". ' 7b of timing diagram (a), Permit (94 of timing 
diagram (bf eone*yom;s o a black-out or DTXih: i iodrn. SCCH Si. Also.it is to 
he :h'h!creN\>d ij-t- I'CCH hranr>- can be transmitted at tee St ("H hdi rale while 
die SCCH S, js at the zero .rate. 

FIG, 2 U , block, diagram < a « ayU , 1 > m mo Ciaane' i <• >. > ■ ■ ,< >' i i a 

transmitter I 10 and a ha « " , <-a m m» n ,7 a t tn iah,, I eo.:cessor 152 

of reef ves :i2tj. hi irtinsnrif ••Ive; cl pio:/f,aa.; .13 0, a vraaathe rate data Oanaet 
21)6 receives variable rate data i 26, frames the vai i ,rl>le aec .:iaCri aa-p variable data 

a e !, • j iLii «J ie h'c «-j iu '!iuu as") tisO piuvid .en 0 >aja- a a 

cyclic i chtaala. ay, cede caS a.- 1 he yatiaaie ic !i\S ;r> ayada eld; iiMder JS-95B (for 
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axamylc mny %f' ; (i j^kI -200 hra; sl.'Cil frames andON'tO SOCB frames receive 
CRCs under iS-voB RS i t CRC ycmra.m 2 generates ;: M .-f. of CRC tms, such 
as 12 CRC hi''*:, ; a an >va!e hm error detection a! ream «, .:r 120. !n adhdm, 
'.it 222 v uil _ . u ' . i l.ii' Cm a. j { > the -d i Ku 

.5: eml > < ,i n, uk < 1 t n 1 i ii 1,1 .i.hh k i.Cn M'l 

IS-95B. i .-«-<.' 'u » I" J provides a data frame to an er .< «oe 210 ^u'.uh-i. tai c- 
i i,t i .Mm >! lor i h it '.: ot faction and detea m ut nmvrvm 1 20. In the 
exemplary anmodiincnJ. oneodct 210 is a convolution,. 1 .! hmn-der 210 

provides encoded symbols to an interteaver 212. Interleave! 212 reorders the 

1 0 encoded symbols n. * cor. Ian. e with a predeienni .ted i i uerlci vi uy ro? ir.it. In the 

exempi.'iTy . jm! dime . a inter leaver 2 1 2 is a block interleave^ which is known in 

the art. 

luterleaver 212 provides a reordered dala frame to » moihd.ii.M- : I \ 2n 
modulating the data frame for transmission. In the exemplary embodiment, 
15 : : n»do!at:or2 : 14 is a CDMA modulator. Modulator 214 provides a modulated daitf 
1 frame to a transmitter module 216. Trans nutter module 216 up-con vols and 
arrjpdfies the up-converted signal for transmission via an antenna 218, 
fraiismilter ir'j< ntuU: 2iO timmmim- data frames to recti vir- i 2< ' <■■■■< i 1 mlm i h. trine I 
140. 

Receiver 120 JW eUc. irmlk chatine; 140 via an antenna 220, Antenna 
IK > prs >v ides the : ecei ved traffic channel to a pi uraliiy of para He! receive channel 
processors iCy t 5 > >l Each of receive channel .< « •••,< >< 1 a- 1 ' 2 52,, , a^i_ itC 
by receiver controller .150 to perform receive channel processing on a 
.. .-, ^pmuiaa i m C H . r , m «h 'i, mC o m»«i . m * i mi. i -d 'm 

25 herein «s "F-S h "). For e-cunpl<.- on mm; ohm net pam-camm 152 cam h- ua ! ;i, ; yied 

to thi 2X222 ! • ! " iht <i 1 1 aiva , < i | •<« • • «n 152 ai f - i yam f <> 

St '* 't I Sfi mill :••.] on Ii' hi.': mruuiet n . '«« p « nvsaia foi up mil o1 t;i 
received, cr ;, fine] s 2 22, can he perfonnt a s .ra.it pecdon i:(y oJ the react ve processing 
for any of the other received traffic channels. 
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I't'ivr r 1 1 1 1 1 1 ! i I m h • i ';"-,-,> i ( 5 J i a> " 1 ! • i" 1 1 > ■ ft i • u- ,■•,•«■! ,im-i t -inae-, , 
a<wv ,;k.::'.c raxed. Is ei:ei ae ansenua 220 t>m:".--- I der ; raeaavrai traffic •:. .. u n n ! v.,H. 140 to a 
receiver module 2:23, Receiver module 22:2 down converts arid amplifies the 

rc> ,'1'Vd i 1 ,>,,,-, i|n«-;:» iJmV..i ■ |C i!> ! .-.a 1 1 1 1 ' < l i 1 1 1 1 i , ; i ! V > "d 

S ii, m> v :.• ii m < i a in * da I i.i : 24, which deiruv f a 2ik t he raca i vod 2 armd. In 
the ' r "> ( ■ .ri»vr: r}' ei r2-< i, ?f men : , i ^modulator 224 is a t 1 >M/\ -2. ; .jh<h 2 ilah m fa 
■ an 1 1. tn i a, i a- ' hi wceive channel pn « > « 1 52 1 152,, > < hi ;s 
i;io«>l< 1' i i dubto: Demodulator 224 provides a deirmOiiaiurai raeruii, rcimely, 
demodulator «J;-.tu denies, to de-interl saver 22S. r*>i;iU*fk-*o-\i .22'; iv-ordm 
10 dtrn,., l hl;aod dam h ai ao >ymbols in accordance u,c up <i ft rn iued formal, as is 
known cr art. 

Dc-interleaver 228 provides a re-ordered data frame- to a decoder 230 "oi 

decodi \ : -: die data dame. In the case where receive chaw id prM : * • ! 22 i 

aligned to itie ! v; :< U, decoder 230 is preferably a multi-rate Viterbi dee<.2m 

15 capable of decoding FCCH full rate, half rate, quarter rate and eighth rate 
received date rvn.ir,; am.vdated with the FCCH, as is known in ihe art. In the 
case where :eccue ebannd processor 152 L is assigned *• 1 >u v '* '1 < . decoder 
730 1 o 'd ui 1 1 v - ie. m lu i'i < I [ rate data frames since Si '.Chi S,ea«"i- 'per- no ",i only the 
Sf '( :f i fiiH n ne in leu: -<er..> rate. As mentioned ahmc. .jMhouv.h the transmitted 

20 dire I r.)r h-. i are cm cbmi-c on a frame by frame Iv^i . > » ml if,. 1 1 i; typically 

r i o i I nc 1 e ded t ? i e aeh lenn ,: - ; i > < c. ed data frame . T h sre i ere . re ee ', v l- r i 2 0 de Umimm s 

- 1 'i i id, i r, i 1 > l n Ie lecetveddata frame to accu-aUv 1 1 ■ 1 2 1 1 

dm da: a dame 

1 da ue. (ueej ued 2122 chaet hi <i;<ea loi i oe„tm ee t ' 2 II Lmi.. 

72 tj. 1 i as , c i I 1 1 1 hi : \emplary cmbodimen 1 <\ -< *> i "J 1 1 ■ * 1 i • <■ > d.-i t 

in Id', -r a. \l I i J da I, Mi iv i0i e,e |« ii C i n ii ( d«« a a ied 1 :ie-s l dun 

m dn.R'i Hied dad nt-ai , a*i 2 n „, :N i • 1 •:< , :i « n:« a a i k J, n «« se[a ;;Uei y 
decoded mhlK'n. aaned. ed* wfaed e; |.!e«eidad i«.» a fdR.C ctieek detector 232. Ucme 
Coavv-eaoaal teef»niqu,":, CRC edaef Jet^.a,,- 222 deua maaa \sh i ; ica WwCHC 

30 bits for each of the four decoded Idarces are • « a aacr. CRC check deteaor 232 
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pafoiTi'is a CRC died: (or the ARC Ac; a, cadi of I 'he to.ir decoded dense; 10 
determine o: which of :he Ad. Wait, euaner. or Adah icJes «he ■; uneniiy received 
frame was transmitted. As a. rests It in< a;e emboi I urierh , CRX ' ceac 12 < ieiector 232 
provides four check, bits, C t: C.d CdeCg, where dec aibscnrcs "i'f : "2", "4". and ''8"* 
5 respect! ve.'y ,. c i n ' Ac i« ■ d» 'nil rate. if rote. ]i ,. 4 - i c ,,mJ ci jd' rate, 

and where s i ii v vdue of "I" for a given CRC cheek bit can ndoaih: Act. the 

CRC die U tsjja ; xi wh b a binary value of "0" can null cut- ecu the cECbd; 
failed. 

In addition, decoder 230 provides decoded frame data lo a Symbol Error 
10 Rate (SEE.) detector 234. Specifically, SER detector 234 recci ves docodetl frame 
bits .ii m i .vi • i - > I'll, ... • i 1 1 x received symbol data from decoder 230 As is known, 
• SER defector 234 re-encodes and re-decodes the decoded bits, and compares 
11160110 the e a r! mate of the received symbol da* a from deco de r 2 30 , The SER is a 
: : : iCotiniof;iihe nurrjbet of discrepancies between the re -encoded RyfnrMJidataandthe 
13 received symbol data. Therefore, SER detector 234 generates lout SER values: 
SER-, SER-a. SER 3 , and SER+. 

Fun be i in ore, <k ujes 230 provides information to a Yamarnoto check 
a I. , n h 1st .i. \t <^'niiiii' h i i -ii .idence metric based on the d-i'daeivo betv/co.i 
the selected path through a trellis and the next closest p d'< • 1 <^ .n _-i i k- u ell jr. The 
20 Y.i 1 1 1 1 1 , i"! . ' ii 1 1 ■ 1 r : ' i ■ i ', i n ■ i :-; well known in the art. otm ; , ! ui 1 ! < . ', ._ , . 1 a, for 
example, ti LI S. Pl-i. Nos. 5.710,784 and 5,872,775, While i\k CR« ' check is 

dq>i ' ' - * i *■< ,adj of the four decoded to .1 > „m <an< i . i 

Jen ' 111 n A <> Ihhm process of recti ver id \ .;•«.. ciH « I 1.3b, 

sin ilai roUetei to 232 e>b 234, provides four Yareioiooio values roi each re die 
25 fun pi. dde Co * r i r m >i and r, '» i he „<j d a tois ?"a' \* '3d ai 
shown os separate eiciocais, the detectors can be incorporated v/dam the 
Ivj.Owu. icuAe .Moai. p>s h sea o-: ..n decode; 230 

Receive rAmiv' poteesac, lab i •Aden \ d s s « ; oiC, ihe «' 'U.C a, a '. hi is, 
SFff. vAh mil") tuica.m* hi A« nn reap eh duech 2 -2 3 > \ i id 2 ; o ' 
JO ruatrodci or .; ,.,,i(m f | vnecs -ev f hi) ss a d„ t .• tor ie ..m :.dc v n.i'tuf a-'iol 340 ; , 
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K. 1 ;>i '>J* ni«.J.n' a ml 2-10, ' v> <• >~ H « >>t fh< p, lip, i 1 thus 

vii lie'; :tf< •»! dvuied <laui chi l expanding to the clat;:. uuine. lamp! aula fr tme 
C[!Uiliij rn...';! •:>_'!! .I 240 .vi h|l! ] ar>- ;,ai 1 0. h " , mui. ,i! vahsah .-('(he !'■ Mir 
rates :1m: ciirvn'lp ••rd ''<"("!! data 0;m-</ y>- as. i ••:?n;-:n-ni -eci. O-.a t::-,aaip!e. m 
5 the e i a : < 1 1 > i a cv r • 1 1 ' • t i 1 . < Mi i. « a i . « 1 1 > i < > . • - . f - a a ,'a la > < , . ca , < ' r « ( ! ; 1 1 p to j 
passed Ck>" unci a ill vo; a !->!■.; SER value. 

Rc,:c; va cl ..anruai [jmoesior 152; also provides a ikaaalad iOnne sari as! 242t 
fo ihi' i:oi,!i'ni j..jx^..-«si'r. Decoded frame signal 2 I2 t rii» 'i.d.- . -..'* in. 
sep;"a;i;.a'' r <.h xaid, ! hutusc^ eoi Responding to the Pair <H0oU"i ! lr.:fu<: ifilos 

10 Decoded f » a > n -i..nt - - 2 can be provided to a da... id. J Ja\i memory but: ec n>..» 
as so be accessible so the eoniroi processor. 

The decoding and CRC checking process: performed on a received 
S CCH f ra me are si mi I ar to ihos s proc esses de s cri bed a l * . v a i o i : ece i ved FCCH 
frame, as is now described. In die case where a ivceive channel processor (such 

15 as receive channel processor 1 52;) is assigned to SCCH S;, the associated decoder, 

230 1 deoosieB each received data frame at only Uw SCCH full rate. In this ca 

the assigned tccave channel processor provides a single decoded SCCH data 
frame toco no o! \u(K:^,r,v ) 50. Also, the received us mat p;,ins<»H [xuvidcs the 
associ ated dulu initiie », i„M y mem cs (For instance , the CRC, SER and Yam amon 

20 val ul s j ?•„ i a to J »• i i ! : ( he decoded SCCH frame ' - ■ c • mm .1 n )cas: •< I ' 0 Hi us, 
ill th«. a.a 4- \.'haia 'p.iihir'k' ii'^ri-vc channel procei < , 1 , 1 .pi ha 
process multiple receive channels F, S^-S n , the receive channel processors 
r vt.1 m it> a. !.< I • h-jtiie quality metrics m ai'a ,'1, , d. , i.f •! 

fraitjc "jj.m;ib' .: I-J. - id 2,. t>> the conticl processor. 

25 

Hjgli-l evel Method 

KaVap, . , , mm, » I , uses Ul ' Ui.\ail' ,ha.l i 1 1 • t ( U'U i > V li > 1- l I X ^ 
U Sla; ,.ih 2' H, ^>„ !u ,1 if aU hU,1 ti .i«. a.aniaa' K22N aad -22' Ji lidJaa tui'-- I u 
30 I « initially mi r a!a t|>r> ,,«v,i«. u»a I ua, m n. l " fit aiai U J . ' U l luunaN Th • 
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fjii.'.scf - iiivvnh-i;. Ili.m reft act-: st:d thus improves the uccyrucv ei audi rsiiiuf 
determinations, i*s is further described below. 

FIG.. 3 is dies ts.au si >>t a" vs. ru» : C> .1 el -'< '-xl i' eth.id 300 of 

t . J r.e'J' 1 M ^ [ , |,i fi I 1 I , 0 , I) ., 1 ^ ', l Jt )! f 

Jet >!.ii >l h > n ! -. ci-.v- I?' » «. m t ih j in 1 , » n«- 1 M 1 tod ttO 

advieuayacid v iimit'cuc dr.- Ul.clihx*t of :>roviom;i -aide valid received frames 

r o . 1 i I v- ay, . • ; •;-;■;>;! 1? ; - : i : > < such as the RI P procei! r j i r J : . y; - r ; • i . < 1/ i >r date Sync 

160. In i as i . 1 ; '. . i »•". 1 i !« m 1 vi'!( ) i c duces RLP error process i ■> •. :uv'. m ir^powfingly 
s : , ■ leases. 1 s ■ ,. » , < | * , - , h s . , anna bandwi dt h over o 1 1 , c ; i . n uuv j , 1 > a ■ ! 1 . i ] > , e i 1 , , . for 

10 example. k-dixd *r 'f-i only the above mentioned initial if a > ...m icons. 

Method 300 begins at a step 305 when transmutta f Id icmsrma-, data 
frames on multiple assigned traffic channels F-S n . At a next step 310. receiver 
: 120 receives traffic channels J : -S n At a next step 3 15 , receiver 120 dcmodtilates, 
de-interleaves and decodes each of the received channels F-S„ as described m 

,15s . -'eohnieloft with FIG . 2. 

At an. -.i -a " "'e'h a rate for each of the received dm mi -J t'S,,i; ir h a] 
determined independent of die other received channels. Each determined ■ u 
da! is, tec r„.»re em ba i 1 see: tastes I "Cods' rut;.: ices, use i! sos '""a i ! m: i ".>"s !.:s:? if, for 
example, errors have corrupted the cones ponding transmitted frame Ijj the 

:20s e-xemCary em-'»> amend the likely rare for each SCCJ1 d dam cem-d to be the 
SCOT full rate when the CRC cheek hits pas? ami d a M d< % si v \ :n - hivorabic 
for «' lL 1 ! 1 ' , v. ' > t ► in , v When the likely rate is equal h :h- ' < > H full rate, 
the associated SCCiJ dee ruled name at assumed vsitd. On the otiier hand, when 
'tie h n. ; aJ* 1 L > " e-*. ' n - L*e the zero rate, the a- 1 < s; j a sci sf > r 1 1 data frame 

2.5 is assumed iiavaU«:S 

ti i!> up'ir embodiment, tht i'.c 1 .j?'<< 'h I * iln, du tai»' .a 
based on CRC cheek bits Q, C x C, C ft , and SER values SEE.,, SER 2 , S.ER 3 , and 
SER, ); provided diet CTtC rhee!-: hds are a va : J,)ba„. dpeeifiee^k, eae d?<ei y i : CC" i 
rate is deietrmmed i.obe '.Its. one ol the foiir (joredb'e rates ronr:rKKW(cr : g:r< Llieom: 

30 >) i ie il ur decoded frutr.es liavir.g a pa ne ' nx t t -a ad ScK - St 1 
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'jhedf . i, ,,«,, ;i.v». a t d v.rtn 1 7 ii • id akdv use is ear II;. a-' sn.sd 
valid. 

At a next 125, all of ill-.; h v i.ae^ deiereujied .a step 320 ;t S ^ 
correlated •>■■• produce a \'a\nvaar" Li seel u nvi (Ml i raaoesearraa n f c;:tr,<- foi the 

:':,,> :■:. R'" '!-" i f ' i " i I ' i i ■ S f s Hie (VIS , i J ' ?! 1 ' i ■ 'li • J S C" Hi' I US,"- IVj 1 Hite 

coiT^iwidnu: if. oaa'a <tkc;iy rate, Each such ML rate can be a probabdi-tioidLy 
more aor.iraio est :i rule of the iransmi tied rate than f= die loncsnnnor.^ Hi Lie 
rate. This is hoc an ml- rash likely rate is determine.:: i u-.k-.p ;rii the other 
traflit i haiii I-,-!;:. v-S ideas the ML raie is deterrmu-.i 1>v .'s.-Luul: ail L" lite 
1Q; independent !ilv,ay ljcss Correlating L}k; hide pend.. a h h!..i, use,, .u hi-, relevant 
crm-< channel rate information, such as traffic chan no', i: ii ci 1 <■ • pci h ic i .<• to each 
of the ML rate determinations, to thereby produce a probabilistically better rate 
: ■ estimates 

Tfie correlation includes a comparison of each likely rare to each of the 
15 other likely rates. In addition, the con elation can include a comparison of the 

ill ly a:ira- r.i : uL-v.!i»[ st-t of rule-s. such ns the traffic channel transmission 

requirements for the particular stand i^rd (for example, TS-95B) under whLii die 
traffic channels were transinidcd. -Such a comparison adds further relevant 
infomiation r.< tha r.eoeess of generating the ML rates. A correlation in 
20 accordance with the exemplary- embodiment is further described bellow in 

OmtK.< !.hn V'.'Mli IL 'j \ 

At ii neM slap > i u <«• more of the likely rates b i . i r i ..... h | o 
are cornea i * I - uuldicd ; a:,aa ist corresponding ML i :s.es ■, a i f i« - >> I Lcoi: Li's aiivii 
• r. i. itcs mdrivttsL • w Jicthr; .a un-del *• aie •_;/ fi <f m.! <; Pa. rirsOsncff ,v- "lie 
25 Lad i' ' ' 1' n 1 -nil I" , i i a J ' . UJ o ,> - n. t step 320. 

Then, ail of the .1 r<id-.-d jeancs «,-• i fi race 1 a., valid h, •■w,\ \~st) arc 
procure 1. > -be o i, ' - S pr >n',j .a» -> . : the Pi r e'> ..»' a<us u" , kmu'. '.r 
dan i:vi;c !i>l> < >ri Ma .»tln-i send J !» U .i> , » oaalaa I «a au:«p Li land 
previous .step 320) arc '"'erased,;'' 1 dial is, such m validated Lames at... r\ot provided 
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iin i -i i" pM' f.-'-MU'. 1 'or example, tli'. i < '>2H i:,< > • o;jC us itn 

SCCH Sana:- may he uoaaifiaual .-j «xc|» 5a ; .'i. based ,ia titi- 1 asalta iSmfa .rep 325... 

Sxcjnyiarv iVkiaac dmooonueiM. 

5 

bp 1 1 i i v .nonoi a method 400 i\ s n M ay, >t 

nil ,lr:i,'ni i '•• i ; ii".'Mii«>Ti, wherein red'-"' I 'l-aa , • w><< • i , ,: ■ - 1 - 1 r 

• : i ; I u • ■ b ,. i r i i i , i . < < h a ; i : r u : >. 1 1) accordance wi th IS-95B . 1 1 v ] « ! i : i- ; j ■< ! a ' . i . 1 1 i h tail ,;x! i a 
cxenij-l ivy HK'th'xJ ■ M h I isls.s L \- ic> arty wireless data n«min imciiLTM- system 
10 oper,!hi tii ;u cord;inc< with IMT-2000. The method steps of FIG. 4 are first 
described below, arid then, a rationale supporting the method stem i>, p-r,\ idrd. 
Steps 305, 310, 315, and 320 described above in connection with FIG. 3 are 
colled iv, '1 y vj'iwued in a single initial step 405 of method 400. 

N'cu, at a decision slop 410, it is determined whether the likely FCCH 
IS : [ '■ 1 rated* at .the FCCH fall rate. If the likely FCCH rate is at the ^^Ml|iart%'lhe : 
decoded F( d H h aun- assumed valid for use ui the nexr processing $ta;>e ai b 
U. i ',v i'!t..T i: ds i.» n sre^i 4 :. 

At step I J.- 1 , decoded frames associated with received SCO b me 
Vati«";>'-.'d i-MMv oi; i.l . xpective likely rates of the decode ; I frames, as follows 
20 Fir-, 1 . iSie blaby rau h.*r the SCCHs (that is, the hka!v r.acm ::a,1i .N( n frame 
meiM.uiiiar. ir, entry '.vith the FCCH frame) au* d.aa-, rimed as cL-;a • ,\:d 
dhc" - h » '1 « 2 - '"'H, flames associated with nil » m t i mes arc 
r- ■ I j i m ! 1 , t ,id invAiid. Invahd SCt 1 1 *i i.rj , n. n '.<■■ S 

On 'hi' < ,!!,m S nd if at step 410 i; is dettnr i" d San i' v } { Vf ) mL is ,e 

25 othei than full rale,, then firm- proceeds ro a next' decissan step 120. Ac decision 

t-r i i >h pun ii i ' _ 1 1 i- i 1 i i,i t ' H , ii, ^ In I , i tt-- 
equr io rfn. St "Cs i i'ub mita 11 al iea ! a tw>? ' -f the S» "i y ix hav./ !l:e»y rues 
to d'e Si 'CI 1 "ull rati; . tJ ut fh.-v-. |'«sc^vcds Lc» a :a.op -125 'vlc;rc tha dc^u'.c, ! SO' 'i i 
d,u , . ai...-' mine Sn, at other than the ■ • H Sm i He h * p -J h' 1 , : 
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assumed in valid ;md em see. The SCCl/ls ore valieomd in no err dance with [heir 
i!-':p<:, i i * « I ; I i • I r i .rr- ; t «, 6: • ■ n » »• , I i h ; «ie f : > , <a .,«.. s di - 1< v 

U'n ii',:' od-,,-,- ;,.|i-d, i i* : 14 'Cry fTa „< tii-in immv, ha.1 1. li'HP two : Tlh..- 
SCCHk are at the SCCH full rate, then flow proceeds to a siqt 4M> >.v\wc a! ! oi 
5 Hi urui «i M i i i < * ' * .hIi ,i »s. i i i'i .1 

Decision. ii dmsh !i 

I I. ,-.*!>, i i' >y embodied in men»T Mhi i- -i \>\ n < a 

D combination iS dh IS- 1 requirements described above ant. \v, a |m>md>dH y 
';,:■■,!■:. isr^.v . b m d ; vd The probability analysis cnv-rd uvo mlr^M 
probab ilitses. A first relevant probability P c tird.c :-• 'vm.m an dd'O) i jvan <•■ i:, 
d transmitted;:! me I 1 i 'nitrate. In this case there is a finite probability, P c „ that 
the likely FC» 'H >;je n id illy determined at step 4 10 will be errHeoiis, th « ss. the 
5 1 dec iy rale may be determined to be a me other than the full rate (such as a half, 
: dparter or eighth rate). This 'finite probability P K is referred to as the "me. 
deter, n 1 1 ; . n ■■ ■■ -r ? • ^ for a foil rate frame". The pro! !ih m , hi •, :> m r ; ubdi i -?u 
dfraiiie as other than & full rate frame, lb at is, the "probability nf a rate 
detenu si i.ui<e M .n,a lor a mil rate frame' can be deterniim <.i from Table ! below 
0 i ii >l< I i an • ,ii»'S .r.jun the TIA/E1A-IS-9J.! " 

fmrKH'.iiKtir.u- SnmomK d>r Dual Mode Wideband . i > 1 Mx-eonm i < Ilium 
Motol-- S r.b-jnv ' mdmiad to herein as "IS-9SB") Table I tabulates foi i te 
V'.'i H 1 > «. i. p. "I' md]tiesolT-aiedeteiminj»t;oMenf*r lor id -'. ; :d Rate Set 

I J f I ) n i ' f" Ik- di-i * I i" '"i 1- 1 1 1 1 f r i d u~ 1 1 . I-'-!' f'd ' If." i -Uli <m . 

5 foi the n • ■»< d; 



WO liMK»«>5W 



t>< !"■■( Si » 2, 1 15417 



Rate 


Mm .TTahmh . > n ., , , f i «;,, a (•>, JTT 

(obtained from IS-98B) 




fW/ Fail 


fV.S ! ..-: t-ui! 






I.67xt0" 3 




1.4IXI0" 1 


2.38x10"" 




1 .73x10"' 


2.73x10"* 



■Tabk: i : f,h <:n 1 '.• 'liabilities of Rate !>«vrrrthiai»<iii Errors 



5 Table I includes a first coiumti listing PCCH rates, a second column 

listing error probabilities fur RSI FCCII full rate frames, and a third column 

listing error probabilities i'oi RS2 FCCH full rate frames Table 1 immd \ imee 

rows respectively corresponding to half, quarter and eighth rates. The first row 
indicates the probability of erroneously detecting a full rate frame as a half rate 

W. ■'fmms,. Similarly, the second row indicates the probability of erroneously 
detecting a i'ull rae 1 1 aniens ci quarter rote frame, and so on. 

The total minimum probability of a rate detema,n,j,>i-i emu" «.!',■) i'oi 
detecting an RSI I < f H lib rate frame as other thaa a foil rale frame is the 
addition of lb;; cnvi raxTuH Isiies . ii ujji Table t • »f di lees.' mi >b<: barne rate as one 

la >i tsit ini m three rant- rates In other words, the probability ol erroneoi ;Iy 
de-eel i, ilj au K '«' 'I h ! ame transmitted at the fall rate as oihey T<aa ? he uifj rate is 
given by: 

P, - 1.67x10* + L4U1U J + 173x10"* * 3.3 LxKT 

20 

\ second pobahihh l-\ e.T.ae« I. nonruvhsb i.-e em! 1 ar invalid 
reeeivtvi Si '« H «e;,p - ..• a v, I'd * « , • . «e I «, f-\,m r«le during a I > f a period. As 

mentioned a he', e a Kumr d S<_ CH" data frame end aTa. ;i t .: Ti (' JT\ . Whn< 

llic i IT prt< .'a-; ii rer. r i i I 20 ihe« Dire peaumi;:! TTI frame is assum «J • • < \ 
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iris loi«c in!,l£:i:fi to;! 'J*;tl ,SHR v.u. to so u ,; c,j l'.M-sup;>icmcnt;il iiile decedana. bur 
« j i if j _,a i 1 n i i na 1 ' - 1 is 1 < i i 1 1 !i ' 1 J t i* 1> l«. 1 1 MH can be 

• u a.d <u v vi i|«(r «»i',Mi«i it ' p,'it.nl i.yu: -iScd I'mi it; are 

corrupied widr noise, or when transmitted frames are siiJasta ritad !y uftciritaieci 
5 ft i, is i' lie i • j i v mi ' < « h i nil i i a . * a « bi- imne f.i . J ih 1 I' of 
defecting u i CKCnt raaener 120 even though nivabddaia j feiny loaeocd 
and demodulated. The random probability P c of a 12 bii CRC nn i< him any 
muh ri be eqneirei jtr t </eu a t2 f J rs 2.4x 1 0' 4 . Further. jv-aauay. Afr'll 
charm. ■ , :i> : stii! eiealav !•.',,% ndcni from each other for isiu {.'iTpu-x' of 
10 calculating , led ; m ion j.-j liability, men the ran coin po-hi >d iv iC of two 
SCCHs bull; | a i,e i • i ■< C K Us i s -iveti i > v . 

P w = Pc x Pe, where P c = 2.4\i(T 
therefore P cs - 2.4x 1 0' 4 x 2,4s I (V* = 5.96s 10' s 

15 

A cw.j nam ivuvsen P cc and P. re-veals that P cc « P* by several orders 

of magnitude. Since SCCH data frames can only be transmitted (at the SCCH 
!V,b rase j w' ieet id T'Sl J.ia: frames are transmitted at the FCC1I full rate under TS- 
95B. the probabilistic comparison P cc vs. P e defireU'vlv -"j^cms die fallowing 

20 co'ichasion wh< a ... 1 1. CiJ frame is detected at a rate other shin die fab rate (for 
exai i" 1 ' 1 !!f 'id- 'I 1 '" ' <-i '-nyhth n'o^and J t tin -.at • huh oi a ai. >- : anil , 
(that is, for the same 20 ins frame interval) at least two SCCH. data frames 
i ,i i id i ;o. H are detected at the tub iafa. a, is nahaf ><a . ( ,- hheU 
than not tiiai ihe bTCid Mr--r. Iid( rate determination en aa-«<i am! "Jul fro 

25 Mill ,l.ea h a a. . „ n i» id « u n't 'a hr, Iim- lit i ' d , l • . 

nia.a! id :< 1 I nen bill- ik Hfi ;i«m »,< id < b a< ng an 1 tt«ci I - 

4i «r d i • i*. -.mded. 

Under aiia i? eireunt:; la aeea. d ;a ibed) die ITCH daia Iramo <a cenuykai! 
(or a J » 1 X ; it: : I. od a , • n pn v ; e - a i an I ra r b . b 1 1 1 \, ■ ■ a ■: : i c t ; •. te d uu i i i .> aa i e r to 

30 i n validate and erase the FCCI1 frome than i r ; a r;, poavi de -i.;e J i a coi i a i.ihaa 1 riu. ic 
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lo the IlLP. Method 400 thus improves JFCCII rate deteca. « b j ; i i , .'. IS PD calls 
by filtering-out invalid FCTCI-j data bam,.:'- in ee'ros dance with the result of the 
above described cotTckition between all of: trie received trat'hc clemix-l rai.es, and 
the further comparison of the rales ij^oiiir-i die lb ibb >. o»:srriission requirements. 
1 Ihe iIn desoi! ' [>u,"<l mi e . i • • mp m P. s P, Ovbmmvl, 

suggevi.s b iO i| ii , Vh-i i ii % ,,u i hi li luii i 1 1 1 > 1 i. ii n f i 

ii' i s Si '( 10, ,ii rlsrr o'U-s • -e On the oiber ! 1 wb . uuu o.iu b( H h ,, 

•.br-Miirvb r*. ice fuh rut.,;! relevant proba bi I »sri i • u v n | m r : a v» P. i.\4\ lb") 
v= r, il "fx 10 0 b; iiKivl'i L"S ; ; definitive since P k . and P, an ,-u!i .1 ■!■', iify h, 
10 same, that is, within uu 'itder of magnitude of one another RHuhvu to die earlier 
probability comparison, this comparison suggests it is just as liLc'v the FCCH 
dam ii. ii ■ was t! nsmittcd at the FCCH full rale as it was not transitu tied ai the 
" FCCH full rate when only one SCCH channel ;s detected at the SCCM full rate. 
Under such conditions, probability does not justify overruling a determination 
: 15 1 1 1 : t Ii 'it. tte FCCf i is not f u 11- rate has ed on a s in g ? e S CCH c h an n e J being fu U; ■rate , 
Therefore, in die exemplary embodiment, when ihe VCCbl rate is not tbii 
rate and only one SCCH is full rate, the SCCH frame is invalidated/erased while 
the i i' 1 . r 1 d .■! ; hji ne is assumed valid and provided to the next processing stage. 
Hits '>|U'.» ii . a b because experience has shown expire of a valid SCCH 
.if;- Jirn (:,«iin' is If ,.s ha, mi i 1 )!i :u nruviding an invalid SO H i m:. uuheRLP 
Method 400 is now illustrated with reference to FlU 5. FIG. 5 ia an 

< it J i '| i h ruing diagrams ho f\i ni. M t , - mkji y 

ii 1 ■ 1 , 'i Ik f * f l J ;<i.u i 1 1 1 j* ivil M m i 1, , 'm i'l nidi i. 

!h mm _ 'j J- • . !■• < did line iepreseiitran c r ■ i ea • n \ u 1 1 -r 
25 120. t ri»v* 0-*- , '-=• id, n ' I- t-i E i n„ « ijireiv , . e m .uvoif.ar.ee with 
the if. , ,i a t -'a j « ot during a first frame interval 505 and l j. m d 1 u« 
intern^ ;- ; 'uj ad.: pi card »n henna uaeraan bun, ■« , «, en a resarcave wsork'.uiiii likely 
ra < ft u ear (.1; « ram fed uid 510' (timing Jijworu , >>■ y . c d* pi< ted ii 
dotted fine:. 
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During interval 505, while the FCCH rate is at the half rate, SCC0 2 is 
.•iici.i ' 0 f km .i. H l.i I c ;>r !r,. -i«.S *i I fi if « ,r ■ l*i il . , «k' h<'j„ f ! hfc'v ink 
1;, ej,-ii,l r f , sh . '-ij/lj in i ralv s 'II". is a «.•;■!•■ :n .nm-moi. ul mve<i undo: kS-V:'B. h\ 
this situation, method 400 invalidates and erases a decoded SCCU 2 frame 
5 aswiuiu: i • h m . i v ,i 1 mo u favor of the FCCH n.-Ji i "i . c*ii nod jLiihiu lin. 
same rime interval. 

Dun ;m > r mi ■;;> i 5' 1 0. while trie FCCH" is es n* n • »: i m, i \ir i rr i i ro k i 
the m f'M ,h m. ii U j. i . 1 1 iincuncnt SCCH H ! 1 , •>.- 1 mi,. - n di m nd. 
ivim I- v'l ; J« i it 1 1 •. ' i m II, and SCCH?.. Such aconc'.tiioii h imi .ilkmv-l 
10 under fS~95!';. . I • i tl i ■. s duiatton , method 400 invalidate?-' <.u\ c r.mv ', k: decoded 
FCCH frame in favor of the two SCCH full rate frames, 

Tabk ': below provides an exemplary illustration of the opemiKwi ol 
rn'ikid 400, Tabic 2 tabulates SCCH and FCCH frame erasure decisions in 
: accordance w ith method WO when up to four SCCH are assigned and received at 
15 receiver 120, The legend or key for interpreting Table 2 is as follows: 
: ;F:=F(,ill Rate; arid 

IF - not lull rate (that is, Quarter. Half or Eighth Rate); 
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Receiver 120 can pra.fomi speedo; features of the present, niveritnaaanm;? 
.receiver coir roller;;, a-' !■ • , effect comprise a anaa i i m pa,,,,, 
cc*TniTiari!A:a:icui-;4|V:a;i| :: K:: -K'irfl.'vvarc can be used to jmplemeni the present 
m-onoon. no- P^Po'eum d->.c-,'pt.'=. sa o f a peaea'P crrpo. : o: ,. ernpuier '-yarem is 
5 i >; 1 1 i < i<-' i ; I 1 1 i i r»l t - 1 b p . i > i a a i * i i 1 \: \ a 1 1 1 y i » 1 1 a < ; t : , , P t 
software. .1 i ' 1 id invention i u he i i I >i> m < l , h ><>]<<> a 
combination of hardware and software. Consequently, the invention may be 
mpdemernt'd in a c^mputcf system or other processing system. 

An example of or v. a computer system Odd P shown in bp in p, fj u - 
1 0 pi eseo in v enttcm-forc x a mpie , the above ctescn t edi r= e i a o J*i .«r j >i «nv ,se s execute 
on computer system 600. 1'he computer system 600 includes one or more 
processors, such as processor 604. The process ot 604 is connected to a 
: cdmmiinkatii.H!. nPoaooeOrre 606 (for example, u bus or network). Various 
p:softmre : jmpementatiOtis are described in terms of this ^eMplia^ycomputer 
15:: system. Alter reading this description, ti will become apparent to a person skilled 
p in die relevant an how isr piemen* the invention usim; « <u>er compiiier systems 

, id'or compute!' aivhPcoturo 

Com.puicr >.vx:om 600 also includes a main memoiy 608, preferably 

random acxe.-*. '».- • > HAM), and may also include a secondary inemor: 610 

t he \ S ■ i>, m> .tn ~d0 may include, for ex. mi pit i herd disk dr v.-, 612 
and/or a removable storage drive 614, representing a floppy disk drive, a 
■a iiipae.ua tape drive, an optical disk drive, etc. The tento* jbte . .mm.* drive 614 

m -id- hum -m . ! t" -a' her immovable storage unit (OP a i > U '<>,>• m i i 

Ac lu.^'ibie :>t'-u.i;ie mi (08 wp» eai at hp, dn-4 momteh" iu]X'. <mu.. a.i 
d'sl ra had, i,, o- d I- ad HP mi mP.. r aPmnm-m « owd 4 
be app.rec.tal.ed, the removable storage unit 6.P8 includes a computer rmablc 
:0:.orap,c j.,ni:.e. ; :uin aavinp a. mod therein compute! nartmarc and/or data 

P»;ilaai"].aivt impVi i... n a;sic n i>, :,r.-. mt'lm y memory PPtmap im.mOe m| s m 
sbmiar names Jos Pi «, u • i aim r i mm >m m in ban < no m<'- t o . "«mJ, l 
30 mo eornpuler ayslem 61)0.. >me!> mm o: may • valor lm for example, a rein arable 
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storage Hi it 02a s..td an : .t tied ace 620 Examples of sue it ma. is a; toaa include a 
program aaendtm anal cnrt/ridne mdsrfa.ee (auch a-;, that found in video game 
devices), a removable memory chip (such as an EPROM, or PROM) and. 
:is : \..'i,ticU make! ;n;d aid i < uno tide J-ar. am • , ttd m>eei , ■> 620 
5 which allow software and data to be transferred from the removable storage unit 
622 to conga tier system 600 

Corn | ■ 1 1 j a ( • , \ , i < . < • i ho a e - dsn ; rtc I tide a c ■ i • a i - 1 a ! t i . , s i , i u 1 1 . ie a o ■ - , 

C'i - 1 ji >am> ., i,u« • fan.: 624 allows software and nam o» h iHfimi I " v.wn 

compio. . syraeni nop ,md c - iou\al device*.. L up I tf r > ana i lim 

10 inka'iauf o.i I r : : io. ■-, tta bide a modem, a network mammce ooaai an Ethernet 
cai t\) , a c< '«i i I nut i a._ ar on a snort, a PCMCIA, slot and card, etc. Software and data 
transferred via communications interface 624 art? in the foi n i . ?f -■< y , i. • ! a dg;4 wh ich 
may he eleeircmc. dearomagneijc, optical or other Signals capable of being 
received by communications interface 624, These signal 62b' arc provided to 

1 5 com rauni cat ions interface 624 via a communications path 626. Communications 
path SSS canies signals 628 and may be implemented using wire or cable, fiber 
optics, a phone line, a cellular phone link, an RF link and other communications 
channels, 

In dns document, -ho van- "mi ,,.ihu •:> -m. av.-, . ,ia< Li i m h" and damipmij. 

y< n I i i 1 < h a n' ,a . ■ Ma . « i - < - m , 1 i y » = ' i ' 1 , i i a , i , . M , 1 I 1 1 mv 

drive 614. a hard la f m adt-, d m hard disk drive 61 ' and i , odd ;i , ,<•■ 

con p . . <>>• ' ,h> ] i d .« tiM.anslorprovjdny .a . ji> 1 "... in* id - , i.o?i 
600. 

C -m"" » > ar a iia (also called compute? . on »d s*n « a;.; i ad m 
25 mam memory 6f>:> ant do- mem fore a ma m ray 6 10. Computer prog amis may also 
ha reeeemd oa corset hoi aratttoto aoenma 62 .'. deaf; eenpnier pna;gsnns, edaafi 
executed. esadd. da as enfetter ayrnarn dod La. mgdenneie ds. peensnt nnmnt ion as 
dinccascd herein, fa seslseeiina das eongmds }orioo r .jaaoa. eptm e am... m. ed, enable 
the poeaooer rs t J 4 p» implement tea enseeese. <d dm ptemnt. invention. 
>0 A en'dmgly, a .'eh computer programs represent controllers **f me mraptism 
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system bPu t>y *,vriy ib exerenbc, hi a peeienv : ,j embodiment ot he invention, 
rive proee 1 . se>. perl urn eel ;«v reee; wr cenifeulcr 1 50 curs be ft,.:: rl ■> •..need by computer 
■.'i.-niri'J logic. Vv'hme me i n '■• en lion o implemeuimj moug smiwum, fhv eieOvonv 
may be stored m a. computer program product and loaded into computer system 
5 600 using removable storage drive 614, bard drive 612 or communications 
interface 624, 

In .-iriuiiie: embed i mem, features of the invention arc miplemcnied 
pn manly in hardware using, for example, hardware components such as 
application specific integrated circuits (ASICs). Implementation of the hardware 

10 state machine so as to perform the functions described herein will be apparent to 
persons skilled m the relevant art(s). 

While various embodiments of the present invention have been described 
above, it should be understood that they have been presented by way of example, 
and not limitation. It will be apparent to persons skilled in the relevant art that 

15 various changes in form and detail can be made therein without departing. f>-om 
the spirit and scope of the invention. 

The present invention has been described above wnh ■ ii' • a d ■■•■I l<.n:: nosi.il 
building blocks illustrating the performance of specified functions and 
relationships thereof, The boundaries of these function,,:.! kmtmme blocks have 

JOe beef i mmlma II v bchm d m. rein lor the con venter : <»t .'|. . '. ri * > i ' U<. >,a 

!'i> 'an..' < ini m • , '1 u :t I -.n long as the specified on i lei::- nnl imemmemj 

tfiereo: -m .»!!'< p • ' 1 r> 'rriimed. Any such aliu.m. ei" , j ,-k-s are thus 
wi thi a the scope and spurt of the claimed invention. One skilled in the art \\-\V\ 
recognize that these functional building blocks can be implemented by discrete 

25 components, application specific integrated circuits, processors executing 
appropriate software and the like or any combination thereof. Thus, !he breadth 
and scope of the present invention should not be limited by any of the above- 
described exemplary embodiments, but should he defined only in accordance with 
i , i tp n in ii ,iim I , -ii equivalents. 



A ii\OEr-i*d • ! hi.- ■ mn/.v hi i ',!: . i' .'I . v*I;t , ,\jti mi a '.v ; ri-b;:s 
rotninoahcriho., rs t. whh I* » ;i l ;i is, »•. -inks. nil fed horn a 

wireless station on muh nj,,- assr-m-il tlmnnehn composing the 



•cm :ci ving the multiple- assigned chapels: 

demodulati r,g and decoding eat a of , ; l- inuli-j as<j£ ned 

chariness; 

dc lei mining a likely data rate it each oi trv mulls, pit: 
assigned channels; and 

001 relating all of the likely daia ran-s a. ucu-r i^-nt* one or 
more Maximum Likelihood (ML) data ■ rites a'«aeh 
cone spon ding to a likely data rate. 



II The method of claim 1, further corr.paron-- die :.rep of 
3;; e. invalidating data associated with one of the mpltiplc 

assigned channels when the likely data rate and a 
4 : : corresponding ML data rate rd rhe one oi ck- rnn ;ri -h- 

assigned channels do rtol match. 

3. The oi, (.hull "i" him 1, wherein the multiple . o/o, -I channels 
'2 in cli ids- a i'ujK..imentaf channel and a su pj <U: 1 1 te - a : ! u i. eaiai . am 1 

wherein data can he transmitted at a first data rats on the 
a UiSKiansoUa' c ham id ;tn»J 

wherein n'ata can he transmuted a» a s^eoml dans 'ah." o>» ilie 
6 supplemental e!n:n mm on'y vdkai 'Jan. as hamo ramanim, d ,,i isle la mi cata 

rtiiC or, rhe fundamental channel, and 
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5 wherein it is more likely than not that data is being transmitted at 
the firs l data rate on the fundamental channel when a plurality of 

10 supplemental channels have likely data rates equal to the second data rate, 

the method timber comprising in validating and erasing 
1 demodulated and decoded data associated with the fundamental channel 
when 

14 a) the fundamental channel does not have a likely data rate 

equal to the first daia rate, and 
J 6 b) the plurality of supplemental channels have likely data 

rates equal to the second data rate. 

4. The method of claim 3, wherein the multiple assigned channels 
2 collectively fo mi an 1 S -9 5 B re verse-) ink t raff i c eh annel , and 

wherein the first data rate corresponds to a fundamental channel 
4 full rate and the second rate corresponds to a supplemental channel full 

rate. 

6 the method further comprising invalidating and erasing 
demodulated and decoded data associated with each of the plurality of 

8 supplemental channels when 

m the fundamental channel does not have a likely data race 
10 equal to the fundamental channel full rate, and 

b) only one of the plurality of supplemental channels lias a 
12 likely data rate equal to the supplemental channel fui I rule. 

5. The method of claim 4, further comprising the step of providing 
2 non -invalidated data to a radio link protocol processing layer. 

6. The method of claim 1 . wherein the multiple assigned channels 
2 include a fundamental channel and a supplemental channel and 
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Wher-Kl !;:[•:•.' it tc ii;>K'i<ihi..U :i. .1 i*ir-:< fm 1 . f«»iLilii r,i .. .m \h. 
tu!i.L:.(.uv : eut,i : 'j che-aid, and' 

wl ii i «. • I i i ,ia • a >:j i • < h: un i l s i ) i i i <•• :•«;: ,i I a s,cx< «• <d i an i - /,<:;■ -■ <Xua kiU.' < >n 
the supplemental < iaamnd orU when data is being transmitted ai the first. 
d,(U! I Jl un - he HI in. .an. .aai , h"inei <nni 

wherein ii nj approximately equally likely that laia is being 

I, > r I him . i J data is not being transmitted - 1 n a i <S;»m mic >>'< 

the titodyn'.n. :itui -iu'sijuej when only one u! -t nSumiky .tf v>jt":r i-.oi it. ■ 
ch eh. iva: ii hkeiy data rate equal to tin: se...orm dnrt role. 

the method further comprising invalidating and erasing 
demodulated and decoded data associated with each of the plurality of 
supplemental channels when 

a) the fundamental channel does not have a likejy data rate 
equai to the first data rate, and 

h) only one of the plurality of supplemental channels has a 
likely data rate equal to the .second data rate. 

7. The method of claim 1, wherein the data trans mitred on the 
multiple assigned channels is formatted mi'.' o:n,i Humes, and 
wherein :-••.;•« \ <<} comprises the Steps of: 

deinodiihaing the data frair.es If p , , tin „ deinodutiivu i n-i 
h: iTK's: ;in<J 

de-interleaving the demodulated d.n.i na^na. [<• produce 
interleaved data frames: 

8. fhc isielhi <1 <alh fn n ' nnis, - < «<i a- 1 - tr • v«.", i F: 
dfcodui' i'ui- V hih-i !«• c..A!«. t ai ji 1 r. i =n». in., f .It M>i' -M.'- i 

■ ... and 

;:i': ! i hui i »!-• u" in ih t U, iti'v -ii » i »i I i< i 

each of the decoded data frames. 
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9 !hi rvjaad oi i "i ! iaJ* i i,a«. «a i im; I'l L;..diij 

data , a 'i i! a .«(,, , i, snnria a »,, ,i f.,!;^ , i,aiK a.ia.if 

;>> The -r. hi • i [ 'h;i« a. ■ » I. r mi each <A I fa %,af'>, nu hds ,i 
Cyclic: ml .|, - * \> K ' M a* ! a r «i . inn I. £' 
i cmp i a I a i j if 1.1 

ip-'!ior:ir:nr. a Symbol Error Rate rah.Nhi U>< >.>\ the decoded 
•:l..t:-< Traffics . 

1 1 . The method of claim I0 : u herein step (c) comprises, determining a 
likely Utua rate of each of the data M u<« ■j.ids -.M 'he multiple 
assigned channels based on al least one o! • CRC am an SER for 
each oi' the decoded ditty frames. 

12. Apparatus for maximizing throughput of a data call in a wire J ess 
communication system m which data i<? tnr, ir.ut. ! I ■ y v: a • •:>•:■,;■- 
station to a receiver on multiple assigned channels, '.a tmprisi ng: 
receiving means for receiving tlx multiple ar-vimed aaauel; . 
demoduhssnig hicheis and decoding noiii- l< t ne-gi 1 i 1 

. t. • i ? 1 1 -.J i » 1 1 si,--', a decoding each of the in in >>h - . vc < !:.ii:!k-U. 

i iai i 1 1 > i j i i . i ' ( i n i f. or detenTliiKti^' .* hi i\ i ,e i ■ a , ,i Ji •> fl •< 
i in iti pie i m'U chaimeh; and 

coi,« 1 ii a i n m tor cortdarmg n\i i i, h e ^ s- d u « ilea a- 
,b '.-rmti a i i.t>,iin a-i likelihood combmu'Km i;f he i tates. 

I >. 'ihe .a-^araiia i chum ' i. "a ra-a.at"! ih m mii ru, ii la-hhcfotl 
''Oi,i':>; nation of data rates include:., a nr^ximiin: hhLhiaa •>,} daaj 
rare corresponding to each said likely data rats, the apparatus 
further comprising 
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i n validating means for i n validati ng d a; :. u j i a; i : < • ..a: «,v u • i ; ; • k: . ; 1 * t I ; a 

6 mul Irak assigned ah annels when trie likely data, rate of the < :ic inulllpia 

' . -il> ' d t « i. . lined by the dt.'.. a? mi a, kd » k , •. 

> i' > t i >Ji « ,i i j t d< i. ! ! ; I , hi H hy the 

•'.na:hka:« .naans 



: 2 : j H uka i iitndanieniaj channel and ; an; >l< r a > j| ! h a< m I id 

wherein data can be transmitted at a first dau r.ne >a k,- 
4 lli;;d:ii"'iri la! h mi eh and 

wherein data can be transmitted at a second data rate on the 
6 supplemental channel only when data is ; h' , 1 1 " . i , ■ i „n i , iv < , i : I „* first data 

^ rate on the fundamental channel, and 
i wherein it is more likely than nut that da\a \\-\u::. v.mv-iu\u-^i 

the first data rate on the fundamental channel when a plurality of 
10 : supple mental channels have likely data rates equal u-iU.- -.cc^ir.! i kia mh . 

.a a 'a :i. nM:-, kidaa i." s'" 1 M ; a aaa a a. avaia>: d.j aa.ad '. ? ! ■ I' ! , i a k 

12 erasing demodulated and decoded data associated with die fund art' a a 

channel when 

'14:. k a) the fund amenta' channel d< >v . vol 1 1 . • . ., I d • k ' ia. ■ 

equal in dh: ir i. ii dak iak\. .a a I ;n die a.i n." <M'ir 

16 b) die plurality of supplemental kajiinca hav,- in fj { 

rales equal to the second data .rate. 



15, The apparatus of claim 14, wherein the mtdnple Applied ch.mne's 
2 t lu« k. i i a » M" a I fk f:k'k k n h 1 arid 

whearaa aia k I dka -,i\c% •na .-Maid- lu a t>ni ka,ua d da a a ad. 
4 full rate and che second rate corresponds to a supplemented channel lull 

rate, 
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Mv ;::-::in-;if-:ii;!"-i ."m; M^or compnshi;? means ion invalidating a net 
ji'a-r'^ d;inr.ii'i;,i., -ii' ,!,id f « h •' rut,; n-,.' 'ui,'.-> .,>ti i, u p.u'-ahlv »M 
supplemental channels when 

a) the !<ir:.LTivTi:'!i ch.Hmd -l<u-<; rot ';t ■:■'..■<'. u hl.eSy duo: rate 

ctjnal to ihe fundamental d' > . f.s'i > ^c, and 

i>) r:nly r >rie rd (he plural mv ci' s.a:7p]e7i:ta'a.:a : i.'h,in:?L-:t-. h;;.H a 
h kef v data rate equal to the ippi i n ir rJ r nJi r a 



J». !":ie a pp;i una* of claim 15. find mpiishni .< i.adio link 

pnox > •• ] :-v ).:'. •; sm g layer and mean ? \> > i <r. > m . ! i < i : 1 1 ■ m -- 1 1 v ■ i ! i . ! , i , m ' 

dau; to the ra< 10 link protocol process ing layer. 



17, : The apparatus of claim 13, wherein the mvU: pie .:^.im. ::l cnamn Is 

2 :■:: include a fundamental channel and a supplemental channel, and 

wherein data can hi transmitted at a first non-zcto data rate on the 
4 fundamental channel, and 

wherein data can he Iran sin it ted at a second 11 on ~zcm data rate on 
6 the supplemental channel only when data is being transmitted at the first 

data rate on the fundamental channel, and 
: & :: : wherein it is approximately euu j I 1 h.ti iu being 

intusu'Uka! and dial t. .,>,.! is uoi being tri;si£;jh hen i! '.it. 1 : i-l d- r. 1 air m 
It) the Had ii a, a, 1 ,. hantisl when only 0m. *.l a piuu. i 1 ' hJ supi Is mental 

1 km neb' ha-- i 1 Li I . lv data rate equal n in« i:wv,'> il.nr. mn- 
12 the f!p. ;"';!; .'U i!!:- fsnthor curr; praam-' menns for nmaditiiaim .is e i d 

erasiii;; mm> '.I" K'd a-, id dr u.l. .1 dam , •j.-.i-c iu-< ,ih d» p I am dry of 
14 supplemental channels when 

It 'l ' I Id ! JIM ' li I I J, I lOl 11 LI d '« d . 1 I h 

16 i\;u;»l i..j M-,- '»; .1 d •: 1 ,;;!,', /md 

o «.'ii.v ont « 1 (J c plu.aalM'' a vjpp'ii mu ' ,:! tfiiinni Is !i:,s a 
lii !•'"-•'}• data am- <a. pad t. j Ilm ,sr... r f ,;., f ;).:;,. mt&. 
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1 8. TSie apparatus of claim 13, wherein the data transmitted on the 
multiple assigned channels is formatted inlo data frames, and 
wherein: 

the <Jem adulating means includes means for demodulating the data 
frames to produce demodulated data frames: and 

I he de-interleaving means includes means ibr de-inter leaving the 
demodulated data frames to produce dc- interleaved dam frames. 

19. The apparatus of claim 18, wherein 

the decoding means include means for decoding the de- 
mterleaved data frames to produce decoded data frames; and 
generating means for generating a signal quality signal indicative 
of a signal quality lor each or" the decoded data frames. 

20. The apparatus of claim .19. wherein the determining means 
mcludes means for determining a likely data rate of each of the 
decoded data frames based on a corresponding signal quality 
metric signal: 

21. The apparatus of claim 19, wherein each of the data frames 
includes a Cyclic Redundancy Code (CRC), and wherein the 
generating means comprises al least one of: 

means for geawrating a CRC for each of t he decoded data frames; 

and 

means for generating a Symbol Error Rate (SER) for each of the 
decoded data frames. 

22. The apparatus of claim 2L wherein the determining means 
determines a likely data rate of each of the data frames on each of 
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the multiple assigned channels based on at least one of aCRC and 
4 art SER for each of Uhe decoded data frames. 

23. A computer program product comprising computer u sable media 
2 having comparer readable program code means embodied in the 

medio for causing application programs to execute on a computer 
4 processor in a wireless communication device to maximize 

throughput of a data cull in a wireless communication system in 
6 wlncl-s data is transmitted by a wireless, station to the wireless 

communication device on multiple assigned channels, the wireless 
8 communication device including receiving means for receiving 

the multiple assigned channels, and demodulating ami decoding 
10 means for demodulating and decoding each of the multiple 

assigned channels, the computer readable pro-am code moans 
12 comprising: 

a first computer readable program code means for causing the 
1 4 processor to determine a likely data rate of each of the multiple assigned 

channels; and 

1 6 a second computer readable program code means tor causing the 

processor to correlate all of the likely data rates to determine a maximum 
18 !h:ehhood combination of data rates. 

2-i . The c om puter program prod uctof cfai in 23 , further com prising a 
2 third computer readable program code means for causing the 

processor to invalidate data associated with one of the multiple 
1 assigned channels when the likely data rate of the one multiple 

assigned channel fails to match a corresponding maximum 
0 likelihood data rate. 
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1 5 I ' I", e nip u "e r ti ogram. pi o duel of «,:: f :,i i n ; 23 , vv h em : i ill ic in u J ti p ! e 
assigned channels include a fimdamenial channel mil a 
lUitocojotoi .J i -ii;jf 

wherein data can be transmitted at a first data rate cm the 
fimdame-tol -sUn.-.n-: !. and 

wherein data can l>e transmitted at & second data rate on the 
inykM'L ii i! i * s J i i> y when data is to..;' ton --mured at the first data 
ia:o -.-n iiu* i''i!id;iiii,.'ni-ii channel, and 

when- if, ir o rnuiv likely than not that data h ! ir ! mr.-jniitted at 
the first data rate on the fundamental channel when a plurality of 
supplemental channels have likely data rates tx\ >, i v > : a ■ . i -..i k . i 4a i : i >. 

sheen 1 ;• ,tun product further comprising a rfd rd compu ter 
readable program code means for causing the processor to invalidate and 
erase demodulated and decoded data associated with the fundamental 
channel when 

a) the fundamental channel does not have a likely daia rate: 

equal to the first data rate, and 
o) the plurality of supplement toarn ito !• i < I • o 

rates equal to the second data rate. 



26. The ooi ipnov oowairt product of drum .to ^:n- vii: limhrplc 
issigned ehannels collectively fonri an to'to"; p.; verse dink traffic 
i eh and 

4 wherei n the first data rate corresponds to a t*m id a raciU'l -diaiine. 
to I , ' • - ■ o;noo]OTto; ■ a :'0.o>;[ocoo.: i ; ,:tf ■ ■ ■ iaii 

6 rate. 

jhC > r .'t;«. I Mr ««.; , t j ,jf],,j, .,Mfjp, ' tl<J L'L, I ' i 

5 HHiipJto lOobMc .w>u!U«n LYhIc 'TtOiP:' to CMUSiiOJ L^O • ■iC-.'.'l./.-.H- t'O 
n . ntou n,..i i . i 0' deTjM.O.' 1 1 d and dt u-daJ t*. 1 1 1 m.». . .toi with each 

10 at th plur; IN ia - ipi ! ioiiuI • tunnels . u r 
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list: 'i.lu altk-i lil i 'Km. Si,.-! Ji , m-i ii;-v u U'^.ly uHj rrtk: 

only .ni- of the plurality >•■>'* • >,<{>;;\Mn vJ il l( r,i, ,•!.-].•: h, •„•.•. i 
ftkcs hi i. iw s i i to'Sr i i, ( -hi I,- ,i » iifi« ,ate 
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CODING SCHEME FOR A WIRELESS COMMUNICATION 
SYSTEM 

BACKGROUND 

5 

I. Field 

The present invention relates to data communi cation. More particularly, 
the present invention relates to a novel, flexible, and efficient coding scheme for 
If' encoding data for b-ansmission on multiple transmission channel with 
different transmission capabilities, 

II. Description of the Related. Art 

15 Wireless communication systems are widely deployed to provide 

\ anou- ■■:}-•:■■: of communication such as voice, data, and so on. These systems 
may be based on code di vision multiple access (CDMA), lime division nw Uip.1 e 

( i DMA?. 1 ci luminal frequency division irU'do!ah-.--n (OFDM), or some 

other modulation techniques. OFDM systems ma v pt ■ id.- n i A ■. \» \ ■■> \ i n \ r-a- 
20 for so 1 1 v, . 1 1.. 1 n . i. t >. -.m moots. 

In an OFDM system, the operating frequency band is effectively 
pa r i: i tin n ed i n to a : > 1 1 1 • 1 r ■ < • 1 . i " 5 •• . \ . 1 r > - r ! c • v si t A i ■ ' m > i ' . • r ^ < j ^ so-r: c v bi n s . Each 
subchannel is associated with a respective 5ut.v<>m«c upoi -.-mid* data is 
modulated, and may be viewed as an independent ''transmission channel". 
25 Type ■ ly, i c ana <"» be 1 ran emitted (i.e., the inl.n rein. >r A|>1 is , v. coded with 
a p.-.iiuihr- oodhy: s-,:]i'"!te \>< >■> •!•„••>! « coded his For ,1 ; m ; •, '■ <■ 1 n der 
modulation scheme (e.g., QPSK, QAM, and so or'), lv> ; <-A vl Iris tire grouped 
1 tfimnm \ ,**•<> a> 1 1 -o are then used (0 m A-,> ,<■■ A ubcai ers 

Tin !'r L \|uern"v subAiariinds 1 * - * T C A • i <-.vvfvrn m.n, 1 ...voce^c 
30 HitUH'.n 1 1 , • cUA'.-it* i- «« i .J imhi, 1, A - : ; < u<l in 1' > f , A tn ■ 
achieve diJ fern I aiyaa; -t-.i -i khm'- yl< i.-.-interlVi cis.e r/Au AAA: ; if "risi. : .; .ivtrh'. 
he ''i mbei oi t.U* 1,0. n I t n,«r ; 1 c in-, Ad u IU h 1 I t-jti hi 
■a. A thai :rj>,' A- i r.etsi "A Ad t.v, r,,i.-i .^ L ih'd-i,) I'-noJ in a p,i-ih'n ,.• Ave. A 
peri',.! n viei i- ;i„. A AA * r 1 1 1 mAh Antri <:• Avb n;A V. s f v. » f . I he 
35 aril: corn: Aor (vpicAA van/ with Arc. As rest it. Ihe 'itppoilad hit rates for 
he '.•jhch.'nucK Av«. vary id 1 , dm..-. 

Tin- difh',1; ,) ir ;J r.sriiv,str«ii 04V A Aic oi 1 1 re^uen. y oAn .v..n .<a,s plus 
'he ,i nr.-. 1 .{*- mO'tv e A • ij -A" leu- 111, 'A , . A • > * * < f •• 1 1 - _ to proAde art 
i- Hi.\ : Fvv 'nduiie. s< heme capable ■ .1 .• u- Amy d-r snpp. rAf 1: amber ai 



iofo.rnuii.ijj hi I » .« i i •>> < - j h, ,i a> .«rov....h !l . , i; . <d, >- 1 - * • ii the 

miL'l:lliiij 

Accordingly, a high p<sa : . an aore, tifTiciej vt, and. boa. ale ending ncheme 

i'nl n.vr, !•> , rn-d i > cuo< ,l .Jea< a.i Ve ' i'u-v « m • a- * m iUpo *h . us'-.^^Il. with 
5 eltbcivai an. nana serai eepdhdaie-, a- biga- bi-arehk-<. 

SUMMARY 

Various aspects of the present invention provides efficient and effective 

10 coding l-i;<'hmf|i!i> aet j Locum:! lie .la ui s, cape. >k- ol imusmlUii g rbla on 

a number 1 - -i. i 1 channels" at d'i u > n i ' rates based on 

the channels' achieved SMR. A number of coding ■'[ a i :ui ai r m r]„ <n^> may be 
used to generate the required coded bits (i.e., ihe information, tail, and parity 
bits, a a J'nrli" <x:o is used). In a first coriing/pimeturing scheme, a particular 

15 base code and common puncturing is used for all transmiasion channels (e.g., 
all ftvr.tu^ifv nil channels in an OFDM system, or spatial subchannels of all 
frequency subchannels in an OFDM system with rnuiopn- up a a /multiple 
vOUtpu* aivterma a ( M I MO s, ay described below) . Jn a second em hi .g / p uncturing 
. scheme, the same base code but variable puncturing is used for the 

20; Iransbiissioii channels. The variable puncbiring can be used to provide 
differt ' > >dir.g i ii< - m: the transmission channels, The ,.ul ng, ,ae for each 
transmission channel is dependent on the inm. .mm. • < : « i = rate and the 
modulation scheme selected for the channel. 

"* j i mbod incni >t ihe invention provides a medr d i. : m ruing data 

25 for transmission on a number of transmission chat: no m. a ou:ii»»wnk»tittn 
system <-sg , an j*. h,n.,- >n.j! frequency division modujab-'p g > [ 1 » a 1 torn 
i )« 1 1 Ik . . .j - 1 1 in > I i a I- >- <g_,, >tr U i -as mil . lsespjedive sequence of 
m<wiulation symbols. in accordance with the medioO, me .mm.ber of 
infbnnatkm bits per modulation symbol supported by eacl- mussrr asaaa 

30 channel is determined (tag,, based on the channel v USK) A m, .bubnuei 
scheme is .O'e \, Unlnk d tm e.na tmnsuarssiisi. chance' sad, that the 
determined number of inh-- n 'at ars bgs iau •..••eon la! h »« ;g, id*-, d is supported. 
Based, on the segpeHed nee a >...•• .g net .nnatnai bits pe.r 1 1 me! lib tioit n.ho! and 
the ii.ie.n!.:.ik:ct modulabon scheme,, fhe coding rate for each transmission 

35 channel -m. rt i aa ird :V leas/ hv>. !ue an a, ; >- .e<i . eiua.\r,e«.ls are -i ~ *.,>.*. i^ku . - 1 1 
drb ; t'T«:ie «'«..:. car:;,.; rales la-c-a- use oi diderenl Ira nana ssean c.a. pa bilib.es. 

Thereafter, a rem. an 1 of adorn a he a hr- is i-.i-a-aied a i acao ..im-a- with a 
paracular encocang seiheane ro provide a muiiber of coded bits. If a Turbo cede 



o. ■>>r-<} l in, ubr.r ij 1, > , i m th l»N ,• i - g< m a e. ! hi Eh.' in minntii r. b.K 
phi- ■ oi.ie;. !'!•-, iti<Ju>..- Hie information bib,- tail Lh:?. end paruv W!:sl The 
un.oJ I ijls r: jv | v i 1 1 u. i H v • if ,1< •,.(>: da nv Vv ■ 1 1 1 nai hi,!,h ir.i t; Tb',iy:nu 
-tl c j":. 1 "• f « 1 un >ou, ;•* m >n i . ,j.U l» r n-, 1 n\ I * 1 « r <, n. 1' prirr 
5 !'> pun tit im; lite 1. iiii t tlic i, ii 1 dfiii p,/ !•»!)•' 'v, p aTmlm ■: 1 kh- is 
List-, , .p'l i.'-n i'J) oum, ■ 1 1 i-'i cJ^Jict-' v,'f*a. a nidi mi an"; hi ip oht'in k 
'J-' 1 « mIn , .if u tj m nrtured coded bits ic Urn too\:,jmv>mn dunnck. 
The- p in u-.' :.: riii;:; i« adimb '1 to achieve differem o. n-' i r. p mv< madi-d in- the 
*!'•'! i l h.mnets. As an alternati k ihi ; ncta n ma\ also be 

1.G pes formed pber to tr .mleuv ir,.p. 

Mort-hinar) symbols are then formed for the mir.hmisMcaa c 1 !,!.- u-K 
Bach sxon.-bina.ry symbol includes a group of interleaved and nnpimc cured 
coded b i. t and b rn .. s y p ed a r e sp eori ve mod i < I , , - , , , ; \ m h •! 1 he sped f ic 
number of coded bits in each non-binary symbol dep. ad ul i> t fn channel's 

15 modH.iiii n- srhTue, For a multiple-input midnpc'omput (MIMO) system 
capable of transmitting on a number of spatial subdiannels for each j feqiiency 
subchannel, the modulation symbols for each frequency subchannel may be 
pre otriHnon..:ii r-vi-.-.r !■ 1 transmission, as described below. 

The im^ihtT' nm.ides methods and system c K m ■ > : ■ n : - thai implement 

20 various asj.i.v is i7v.lu?eiment», and features of the invention, as described in 
further detail below, 

BRIEF DESCRIPTION OF THE DRAWINGS 

:p : The features, nature, and advantages of the present invention wit) 

become more apparenl irom the detailed description sei forth below when 
taken in oonjimcHon with I he drawings in wurh ike e. ■• u%\ haracters 
identify ow yi <; idi a r pv i h ■■< aighout and wherein; 

Me; ] y ,,1 di.'tyrim of a mulriple-mpu: iradbpie-mitpni (V1.V10, 
30 uir AM -\u , 1 1 ■ m s m ri M>bi , m , h 1 iim • ii<>f , m^'- and 
embedments of *ho ene-ndon; 

P[G. 2 is a diagram thai: gorplipmly tlfuPxeie;:. an OFDM transmission 
I'om i-i-is o| N_ lammetn a: ' carnal ir. ■!„..• MbVK ) Kvaem: 

• V S 'A and ^-h r dio mn .,,» J « ; .S< nab'd 01 1\ < -.Imi, n. t ii 

35 f:ri cod er; 

FIG. 3C is a diagram of an embodiment of a puralurer and mixlUpK-.v;;-. 
-.vrd.-J.' mm [>,- ic-pii •.. pi < •vuhi variable pu u-< i n>;,', 01 eoded bus, 
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FIGS, 4 \ t M J , J'V ! !,,«,■• .t:,-«.;1V.THi- «SC <0 '•, -Ji h,:/ 1 .jr., I uriH^ "VIHT.-U- 

fur generating the m..|e.ired coded bit:;; for a date fransndbadon, ivhich utilize a 

[hi! :i-;ni.i! ) 1 1 m : 0>dc Iini u,ir;i inO v.es i !•;;:.• | >«;in h ■ r'l i .., ..d mi .m-. 

.• i.::>pcvsh/cly; 

5 FIG. ." v .' d .pnrn of* .•• si eg) a I o stOvJ o! ion as ! ..- ~« .i -\ \-i avid a specific. 

Givey ntaogn-s h-sne, 

HG >'< is a r«hao. diagram of an embodiment of .-i "vd\b ) pro.v-sor; 
PIG. 7 is a block diagram of an embodmvv:) >••: a s paean capable of 
p.>eGri iii' i ! i i --> iig for diJfertiPt i ,,i i j - 1 , ,i i i- and 
10 IdG. d is 'i block diagram <<; ,vn cenbt >d i: -v.-. «1 •. ; id. ;s-< oops:; ;h] Ii.iji eb ,j 

recetVM.;..; sv ,Oen . 

DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

15 PIG. 1 is a diagram of a multiple-input multiple- output (M1MO) 

communication s} r 5iem 100 capable of implementing various aspects and 
c embodiments of the invention. Communication system 100 can be desijpedto 
impiem->ni the coding schemes described herein. System i.u ran further be 
operated to employ a combination of antenna, tivtuaaiev. and temporal 

20 divert r.v to jm.vease :- pr-cts.it efficiency, improve performance, and ■enhanei 
flexibility. Increased spectral efficiency is characterized by Ihe ability to 
Iransmb more bits pe; second per Hertz (hns/H o .ijid v-da-re ptodbG to 
better utilize the available system bandwidth. Improved performance may be 
quant Led, foi ," amplt by a lower bit-err or- rate (BER) or frame-error-rate 

25 (PER) for a given hnk signal- to -noise-p I u sb n tcr f e v en cc ratio (S.MR). And 
enhanced flexibility is characterised by the ability a. .ivVmihh i..k:ulo multiple 
users having obboerO .;r..d iypicahy dngscratt: n:.sjnn\'eiertts. these goals may- 
be achieved, in part, by employing a high performance and efficient coding 
-i ae, « miti cai'rti in a nation, time division inning: *\it g i tlbdt multiple 

30 ' ii'^i <>•<>' ■ » - , > M ii n b « i« oviin in . 1 1« i, i i h ,i i n.Tei ' r 

lite features, aspects, and advantages of the invention, are described, in further 
deiah below, 

\s difKvti ir KG. I, i. nonnnnie Goo •:«. •.tpc.; f ** >«* r PstbiPf. a MM -s a, 'in 
lb.! in 1 i Hi P.U. oica tr.cn. ''Off. c *>>n< «.. st.se > Vvi.tbnt s;«o si HO, a da .a 
35 vourw : iv pre. -.•ires dais o toil if it si ion 0 irg ,k .encoder I M tfra encodes 
the data in accordance with a particular coding scheme. The encoding 
increase-. llo odd' si In v -n I be da Oi n- n esoivab <"<■ "'lie o.Gd bin, i1iv rJiesn 
j."-- !\ »d-\; i r. a cbsnnr; i; ikriea "' Mr, . i)r( ,.j -peede nans (i.e.. reeider.-d) m 
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accordance 'with a pataaabar i'/.teiiictvin,: rchcme. I'he i:ia:erlc>am.rig: provides 
time and frequency diversify for the coded bits, permits the data to be 
IruJr-Khrtvd >est J en n ,1, mam s| p dv mihbi.on Is r-eo en- fee data 
ti' 1 i!i,Opm.;,: u n.. neabns 1', d'ap .toil iml'mr inn. iv L >, .^.mam em mOvmi o 'dee 
5 bits used i.e lone each made h doe .oTseal as di :■< he* * eeleve "fie 5 ieJ::criceved 
bite arc- dam poi l1 i »s c: I u,;-, mdembi m |»r:».--i« l|;<- mmvecd m»vi>tr of coded. 
<il.s. Mi. oneodm; mi.m.nm m . i ny h1 piim.mi <v* a iimbbod in. 
h/i'leei dciai !«'■<". I t\ PhpotaUimd nded see- an i • ^ s • pmvhhxl a: a 
Man bo! ! vei.pj.vjee, charma!; I I a 

US in an OH.'-M -m-mm. live >. mm el ii <.• m<!e«,m."v Iwa 1 is effectively 

jroo, ,,, re.. , i'Liivbrf.,1 Vo. j hlv sui=. j nuoK fee, m i ma mam Al 

each time dot' a e , a particular time interval th !v b, l<-nt on the 

bandwidth of the frequency subchannel), a "modulation symbol" may be 
transmitted on each frequency subchannel. As deser ad m hut nor detail 

15 below, me Ol 1 yd s\ si* m may be operated in a MIMO mode in which, multiple 
(N,) UMiL-ai.il m Lamas end multiple (N,j receive ealonmi.'. mc a>i'a .or a data 
transmission. 'Die MIMO channel may be decomposed into N c mdepeixdent 
a channels, with Nb < N T and hy a N s . Each o! : the N, : independent eharuiejs is 
also referred to as a "spatial subchannel' of the MIMO cliaiaid/: : wMeh 

■20; :: ■■■mi responds to a dimension. En the MTMO mode, increased dimensionality is 
:: b:aeMeyed and N c modulation symbols may be transmitted on N, spatial 
subchannels of each frequency subchannel at each time slot, La an OFDM 
y-tom -m 1 1, - i ited in the MIMO mode, there if: <uey ore spafeii ibchaimeb 
Each {:<•• juoam, so b ch anne l/spatial subdhannd may ah>> b< maraa! to as a 
' ii p ii ion u uiu\-j 1 1 if MIMO mode and > ; j m -i 1 ,: described 

M, i.li'ih !*• .'I <A W. 

The number of information bits that > . a I „ he * , s , s , m, t r , 
mod' 1 1 1 ion ;vmbol for a j a tic id a r level of perform.-. no dvpmident an the 
SNR of the transmission channel. For each transmission channel, symbol 

30 map,' 1 !, I eicni i m mp* a -el of uripmiclm.m mlcil al \<> lorm a i'M>r- 
'-•..-•r :;'iOi' at Ll t i .^.ur imi i »• i ta > h'-t,!,' -"."mi :s then 
■ hippoa li. nioihiLi:i"i« synbel. wrvh n pn •.•.»;. is a pujn »" e s'drmi! 
constellation conespmeima, lo dm immumrnr mhame sbaaieb <>>i the 
transiuibsioii diannel The ba c a mpma. ..inn <.vn->bo\ miipyaag ttie perionned 

33 for a":!, transoiission channels, a ret for each time dot used for daia fransniiasion 
in mod-.! la ium m ,1ml mi ill li rmemam •vu . i 1 1 u ■<'< pi • iv iio.i ir> n 
MI be ' proo-.'.-f.r dm 



!." < i op nr ih , .\m 1 i ' - ih il v< il . is t ■ a j jj n»ed (if 

any), ivfflvlO prcioaseoi: 120 may demultiplex., pre-condition, and combine the 
received modulation symbols The Ml'MO processing is described in fur titer 
Ootid Lcl.uv dor o.vh •mvv,ni antonea, VM.stt. t p toj ,r 120 provides a 
5 si i o. an o I ii ■ 1 ■•< i i ; I a I i i. •! i ay aid si v< i.' : a \ «. . n: vi-.-h «>• k -i oaa e. I ) . ne d< J. "ach 
n- hi I I, -i. i • • '-i d ' « i l« i includes the rnudu., t > n , ibu- mi i! Oo.]i,. nc, 

i J |« S'.i-h .i 1 ii xn dot bach Sircc A n r , ], i , i |nr , 

( eed v e c and i n .• i d < d . > I r < I by a respective i m : d o f a i . '> i i V, O l > ) V 1 '■' , and 
transmitted via an. associated antenna 124. 

10: : l.i die ' nid. dOnon: shown in FIG. 1. re' eb i < ', 'O ao t !."d e '< dos a 
in nhi 1 <m , « i\c ,ini» nuns 152 {hat receive the transmitted signals and 
• ■« r o ■ i d c the o v<. * b . • d se.nals to respective demod o. ! a \ o r - d U •. \ 1 1 > I'm r 54. £ ach 
: demodulator '14 pormrras processing complementary to that performed at 
modulator 122. The demod dated symbols from all o i • - 1 ■ -r ~4 ,iir 

1? provided to a Mi MO processor 156 and processed m a complementary manner 
as thai oertoi mcd I Mi MO processor 120. 'die it-CM,- : n iluls for die 
transmission channels are tlien provided to a bit cakidation unit .158 thai 
perforoo processing complementary to thai performed by symbol mapping 
element 11B and provides values indicative of the received bits. Erasures (e.g., 

2D: t Mrd value indicatives) are then inserted by a de-pun o Hirer 159 for coded bite 
punctured at system. 110. The de -punctured values are then deinterleaved by a 
channel deinterieaver 160 and further decoded by a decoder 162 to generate 
decoded bits, which, are then provided to a data sink 164 The channel 
d emu • it cu \ i r . ;,; , d c - it ncturmg. an d decoding are o. h i i \ \ o • s >. c i >. a ■ % to i: • t e ch arutel 

2a u'.'h ••>•>;;, pi in/ 1 1 . n „ and encoding performs lot : hr i f m-m tiiia . 

Hid 2 is a diagram that graphically illu t da .v» f ?]•'( )M i-.n nn-i" i 
from, one of M, ,,,1,1' tt n. , - 11 « a Mb > > * -1. . 0 d( 2, the horizontal 

axis rcpi 1 brnean. d'e vertical axis repm*. u; , • \ * the. '■:-■.<:> tic 

< ipl Hi- 1 • n-'i urn 1 1 annel inclwdeft lr> 0 vi .-on- ■ > m 1. ii m i! . u-r s 

>'J ssed lo irarsroii s ■ niu uce of OFDM n'h^d , >. , I, ( u . » nb^! 
covering a!i 1.6 ircou*n«„v s a cIuh-jm-^. A. ii uu d.iv.ision raid Ui-w>.h.-j, (TOM} 
structure us aba: Ud.sO.eeo ir \vh at; llu. data •'n>vvw.siot '■>■ ,■< y<-,i\ i 'aiO'.l into 
'na-alod, wild, cad- Om. 1 -i«.a havim; J paiad.uJar anaiaaa. r- >r Id." va.i upic 
1 '<• r Ji -|< , ) 1 J 1 1 - 1 Mil 1 Oil tli if >n» '1 - 'ii ' 1 

3a Trie available idea; tie rev m ,><■ i ear reads eiav la: used lo tiansmii signaling, 

aoioe, pa.'.d'.ei d,.o r and sri no. In the spedf'C e--aani .e shown in oh 2 1, the 
mod., la do •( -./iado, a" di'io od d I o .irro:-. 1 -om b> jnjot dale, -dach may be 
r-iM'-io. I * co J : y - 1, in i nr. tod t'> >a-a-ia.i. 1«o ivcvovr urnl.-, svoehj-onoo-- .1r.1l p<r:oovi 



c.inrrmt f-.tan.-lirn-!. Olh r!.«-1 ,' n i s , I -I • i! e rtf.pl r Jji.j < n rr rm.' arid 

nvqueni y n i„: '.. ■ ; i h ■ 1 1 -.as : ( ,• a : i.sn ( i ssi si .. : i • I • « • ; >i h • mod il ai ; • <; • sy mboj 
v pi j k no in 1 - I , , i n» " i i el li is >!.• Ii« h ) i i 1 infr 

I i penis!, accarale hirf. «:.•;.; of variations m I in..- scrammec Im.hi J : • -tJ 
5 I'll.- l'n. r . sl,:i> not 1 1 sti i i I ., *• r at hi Lr.it. «-r assi, an. i...o he mad :o -nnamo 

various types of data. For example, frequency subchannels 1 and 2 may be 
re erved for the m .msnaassao i' f seaarol ..md broad oasi aasi !;.s ha receiver 
e V'.i . s . Th e u . U'.i « m 1 • r. - ub : h a '»»<-• ! •-■ ' .- ; ;t • s e u » 1 1 i in I a . >. d ad \ ; I s ; i ; :v, ■ i \ • i. : d h \> i j 
r i* > i i Mil n » iHSr't.f Hii i > it i Hi ,'r i i| ,u i > i 
if) user - j.s-v \ ; k , < i h i v I >e encoded accordingly. 

Vo.e' 'ui 1 1 ! a frhet data may be tmr.sn lined a he i'/maining 

frequency snbehannds. For the example shown, a hi • ^ ,n him 1 -k.p 

through '- ! 'rs ( >d fur -..•ns.e call 1, subchannel ,.u rimy --'vh, a i truu^h V is used 
for voice call % subchannel 5 at bme slots 5 through 9 is i «h j j- , . >ice call 3, 
15 and ah eh a re <• i> ..v time slots 7 tl trough 9 is used for voice call 5. 

The remaining available frequency subchar. -'»«■!• auu hm<- his m. v t> 

used ror transmissions ot traffic data, A particular data transmission may occur 
over multiple susicaannels and /or multiple time s| lt t ; ;, and multiple: data 
transmissions may occur within any p;ir titular time slot A data transmission 
lJh :may also occur over non-con tiguo us time slots- 

In the example shown in FIG. 2, data 1 ir.jni-' n w;>.-:- frequency 
subchannels 5 through Ifi at time slot 2 and subchannels 7 through 16 at time 
r.M 7, caKi f" tn«i, ! -mir.-ii4Mi uses subchannels 5 through In -it imar >,io;«» 3 and 4 
-ma 'u uii> is i. Ibf"i_'h 16 at time slots 5s d.-la : !r a- •<>> s i i ; i ••, ; 
" , " siiKh inn -I- h • <ruiJL,li In at time slot 6, date 4 tnmsm,.-M< m > i ol j tl 7 
l) i roi i ?j i I h a : a i s-- ;-,!■•;- -S ..bis > fssi t-s i hs-sj. -n 1 1 v->, si ib.s'i :.:.! . o ids 7 I hi ougii 1 1 at 

' n; Sl'il ' , ,,1 t| 1| t 1 i t *t I if t l> i. i I J | . , o\ > iiu 1o' 

9. Data I thresh. 1 1 .% (-,. nsinMtons can represent '< .>>-v >. -a " - i i .i'ji ' 1 1 i'a f < 

one or more receiver unhrs 
30 To p-. p. i i lis i -so mission fle^h Is s. ■ i. i <- > hi -I. , ,n; miiano 

and eliii.sj'ncy . isivh f iv.s,uen, % mbej ujun; •! st ten h aine si... ion v.irl • irariMne 
niern-,1 in , Is \<- . I , ,m «J , ml i >< .1 i .« t\ e th . ■ , r i ,l .. >r 

syinbo!) that may be used io transmil any type ot data, sucli as pilot signaling, 

bn adiasa y n h.,j. r<<rth. d Ui. s-na ..iLhss dale iyjv, or a . •. a: thha^o. i Ijiciecf. 
35 rl. C La, ]. ,|i.,» i, ... .1. ' H ,a larhitih. is tin I v,. |, -i 

independei'icfc:' arno^e, has re- >. I ala n s . ■vehss.a, , 1b , it-.Tjls, rf a.;-;..-! v. For 

axampas ro<:\\ u .-.adi i .a I u m •■vrr.hnl ;aa'- ( lie; s,s'a1ud issi. a r ns.li ilsi nn i 



S 

■ hei ii li MM " ' ' " «» < lit i Hi, 'ii-nn i !! 1 IrM i l "! Cj L i 1 

oi trim? re: <..<:.m.< d hu t j. be alar time, frequency,, and spat e. 
IVH'N M * 'n'^em 

5 In a ' ;.t r r a'. o nm. aanieaooro cy-ecr, (e.g., a cellular system, a 

br< >ad ca.-a a.y*v k m . ;• mi i ' H-charmel multbpoiu I ■■ i ri hi i !. i rn • "- 1 . i • ( !\1 ivl f >' d 

i' i n -HI 1 1 Id I ' t ill ) « i it u i ' t ii h 1 1 It 

[ii*'- on r' : v'f r hf'Mi \ v. mother of transmission pad is . h.' i bam ia .-isrj.'s . «J me 
l a't i ,.i.' 'in,.- < 1 1 • i ' |[ t vary over time due r. , ,,, ,rr> r • i-.!< -, 'I r 

10 than ■ -iu" t.v.v4,"n: or rconro antenna is used, and if the transmission pa lis 
betwo n he h m on ,.si J r« , t -w antennas are l ; vu ach auiependeni no , me 
in-iri.T;!.-,;, hi is no; mrmed as a linear combinati oi tl > utee>- Uanstmssiorts), 
which !'•■ ee r, -illy ;iue i.u at least an extent, they* dm : if-:ol: riona of correctly 
receiving the transmitted signal increases as the mini be- nj ^i^iu'i increases. 

"15 Gent-OiJiv. a- the ou.ioer of transmit and recent .lOs h; i.x:. limiM,:* diversity 
inert' : '"; j i i j c, ! j n • ; ormance improves. 

A M1MO communication system such as the one shown myHG^ 1 
employs antennas at both the transmit and receive end? of the commurucaJ ios i. 
: itrtk,::,: these transmit and receive antennas may be used to provide various 

20 forms of "spatial diversity?", including "transmit" diversity and "receive" 
diversity. Spatial diversity is characterized by the use of multiple teansmit 
antennas and one or more receive antennas. Iran: m.n d ■ t, eo i, tl ijracterized 
by the transmission of data over multiple transmit arh'on.js Topic/ My, 
.:iJdid'ii!d- ! !.-. v.»v,-ng is performed on the data transmitted from the transmit 

25 antennas \< > ac! cocod :! •< • desired d iversity. For 1 1 >\ -k , lb*' I. si, > transmitted 
Iron difixi .-I- e .'i-mit antennas may K- l> I o 1. «< >A : i n ; iin, < t di 
and jrircrl > «,t i - iiu available transmit antennas, and so on. Receive 
V i r- « j> li , << <i'm' by the reception ol do h numln -a-nals on 
nvjadplo receive .macroa.. Cir.fi daosoie, t-. a>d a vec ic -rnoh receiving the 

:>•:.• Hp ctlb * c. ddmivnt , „ ad pull •„ 

Sp.slral buoaaty may be used to improve the reliability of the 
ccramiaiecadoo Imkwdth or without mere i:vs m lie. fnk vtp v'ty. Tins rnay be 
adi.bmef hv loam eat lane, t-r rear him*; data mees: mid hid.-:- j:;i*ths via multiple 
aiiterinais- Spatial do> >r <:-• may be c.vr.jinrca'l 1 v selected famed on the 

35 characteristics ol die core aaacnoan hrb jo poo. ide iJce required performance. 

For exec cad:-, 'liipdn. ' .loco- of •pclia; civuoalv eorv h>" ptr^aided for s<.)rne types 
«,<!' « ..noinuercatien i da a oaice type i i - i • oict 



i»>/i . 



- 1 1 if - Mini, .1, mt - - , i' !%!!'.<<' 1 1 "I r , i - |, ,\ 0 . I, i 3 ime n(h 1 

, eiiOakoa-, or ..■ouSidrrr.'ilion-'-,. 

The data rr.iv be ; t an a in Ok "rant ni. i i U p *.« •• .rn i-i s ct,* s and n.a on ivokipie 
iM'villi'."! \ Si'K It ir i j S lu > .bLuit tk« t j '_ MOS ; . •. « !j\ eiaOv, ho' r • r- , *, £ j. oh-, i ka m.iv 

5 be transmitted oi : (V; one mocharmol horn one aronnoa, i'ij one Mibd (l o oc! 

(e.g. sukhannnl ' j [>i , r multiple anteartnas, (3) mi uko 1 irurs N, 
aafnr.na-, (4) a set <>l o.;o< i ns~a, a >.; . sakhar-oak ' ,;, net .2} i::om one aotanria,. 

;r"i ,i '-l' ul '-.hi', k.nik- i'-vin multiple anknnns (6) a. set at sokUn -kt-. hx i ; 

all N T antennas, or (7) a sat of channels from a **•:> >\\ ar sina- iV.o, snkkreie! 

10 1 in .0 a, k'J ,..»•■ I I * • '"' i' ■ ' I a i ; !> 'i • 1 1 1 I i 'l t i - I nil "' i , i ( id'iK ,i . , i 

: ". . . ■ i ; - i - 1 lima ski, and so on). Thus, any combination of rinklumnels and 
a men a as in a y i>o os k >-■. p ro a i /I , - an tenna an d f r a j n h > . ■ iw • o- in.. 

In tii e M IMO communication system, the ir fll t-i i a ait multi-output 
channa! aari tve decomposed into a set of N c independent spatial subchannels. 

15 The h.i \< ■< u ■ n!i nai il subchannels is less than o.' ■ . i i«k 1 < r of ok 
mimha :a I ha i nmioiatiiiia; antennas and the number of receiving antennas 
(Le„ ■ >l » 1 1 • i j < N K ). It H is the x N r matrix tltat gives the channel 
respun-v ■-. a ma N, transmit antennas and the N it receive o , <...- at a specific 
dent, a ad x a the N,- vector inputs to the ehajinel, (hen the received signal can 

20 be expressed as; 

y ~ H i 4 ll. • 

where n is an N,^- vector representing noise pins interference. In one 
embodinu iv m-.v.tur decomposition of a 1 ' I , a a o> matrix fanned 
■ r| in! ii ;o riu'l matrix with its coniu^ate-irai.'-iHi < on 
r'> ..'.\ on --.Mai as: 

H H -£A£" , 

•a hai c I tie •• \ a'ibi :,1 '' r k tarn . . es comtigste-transp C-a A, i ei a< a t', i j : on, t ; i >. , 
and A >- > . UaunnJ i-Miiix of eigenvalues hot * a-' « kiuoae..a : 'a \N,. 

The avaooiiiaar <a -everts (i.e., prv ;a.ndr.i<>rs) a -vat at K, mad < Hal i no, 

30 v -r.il> ah j'; a- m;., Hi a-igun ai..l.«..« n • f lit,.' tn:nan»i ta«.'l i i. dutati-a 

a, i.ihi- Is I >-i ii n 'ft- a «»- a at ,• a< r L .n b, >:■■ *x-s->c«>: 

if ~ E k 

Ka«! ail ante s..a : ,, a-ia p ra • ia«a ;«,«n :v, f,t iao .inks as ;osrlnH" a.io da 

,n hii .ui t a aario oa i 1 ! 1 -j a : , <>|ua ihoa ,*o' a-s-i-a ,u. 
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l"J 



M 



EO:(1) 



where b„ h, and b,., an? resjH'VhvMv' t • i .: • i rn m ,1 1 < 3 .:a 1 1 m .^y-rtbois i. : or ,i pari-Aiiiar 

frequency subchannel at transmit antennas . , 2, . . K r where each 
modulation symbol can be generated using, for example, M-P5K, 
M QAM,, and. so on, as described below; 

E - i; ihi m 11 i u.r mat tix related to !!t.:-> is, 11 !:•••! "1-.-,.^,! <-] ilV .-,;, \ 
/rom transmit ..vAenno.s to the receh e antennas; and 

\ . >■ . \. axe the pre-conditioned moduljih n ,.1 m i,.-, which can be 
expressed as: 

■Xj ~ & • . "I" h ■ f|-, - ... 'f,,. . 

A", = L\ •e li + b 2 ■ e r . - ... -i\ :Vii 7 and 

i *V < \- r | + *V** ( ! + - + - 

The received signal may be expressed as: 
y = fJi:J> -:■ [i . 

fhr receiver performs a cha nnel • ma ich c:d • fi her operation, followed by 
multiplication by the rig!" eigenvectors. The result of the dianneUriatched- 
i ; 'iiT . i'--'A-\v vnjo: /.. which can bee > ~ * ~ 

/ - r i run. !■: it Ab 1 n 

u'lu'i\ Ui" lu j v >!h-sj h'i r lo variance tru i < n. cm 0 '--co .'- 

f .-A : 1 til" an' llh } - £*jrHE ■= A f 



I tit, « 11 1, , tit ' 11 1 < ,1 1 1 >n Hi 1 , in s I the 

I I 1 "1 " 1 1 N't- 1 - |i, 1 '"'v I ■', 1. 1 1 1 1 1 1- i 1 1 ripminnf ,, <$ , r i h .1! . ■!< , mi tf > >| 

A. 

An ;.:ToA>T:i'h >'■: c; |ho PviiV-O pr< >.. -;.:ss ny; is described, in further detail 
25 H'.-S.'»v .-rA in b.d IAMlH -\i y«! i.ni^n S,- u [ Mo. OAA.A Al, e"t< A d dbCH 
E;TI A",! :Nj A H'< ltd AtAA'b AAM< f, ( < A LA I . Mil A ! It >N\ • MA A< \ ) 
. iMPLOVlNG MJ.ILTI-CARRIF.R VIODUhATlON/' filed March 22, 2000, 
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assigned to 'Hi" assignee of the presenl application arid mcorporated herein by 
re fere ice- 
Each o£ the K, spaaed sndd'WHVH'b", en Ha: added) can and as .Vsaaidal in 
tin above ej d'-adenee - ia alba, rerei re.. I to as an. ► •. ..or -d,- if d ,».•-.»: ebannels are 
5 mi i I, ,L ..Mali <i-l I i j * a h , „ a, , in.ji.ij » ml ! 

. , mi uiu i s > th a. 1 , i ts ' > >i j L t i I ji r ,a -it ,• 

i'>aPMK hi,.!.)' d ; .Ji it-rt'F 1- . h.;r each eigenmode, t.v: i; unbar ah:- : „h;U ina.y be 
aaiasn I: a I o > a * riaerunode may also be different, .-v.-, noted above, each 
o-'.yi.inoj,« <>;' a^al in*, pie -icy subchannel is < fs..» a iamb in .>•* ,s nan-ar s\»ii 
10 channel. 

' 1 h. r ■ )> s 'i n Hit* spalbl -.i A i. > (.1 i mo « 1 1- a- i i ; f terentlv. 

For example,, a spatial subchannel can be defined as the Uan>ra - '-:< , :t ^ | '„ m aa 
transmitter antenna to ,.1! o! die receiver pjilennas. 

As used heroin, the MTMO mode includes full ch I a: a a it iurmarion 

15 (full-C'di ,nvd o.r.-dai-CSf processing modes. For both fulJ-CSl and parfiabCSI, 
addi.t-f.onal transmission path? sre provided via sphihalfy separable subxh<: •■■ vi- 
FuIl-CSf processing utilizes eigenmodes, as described above. EartiabCSI 
processing does not utilize eigenrnodes, and may involve providing to the 
transmitter unit (e.g., via feeding back on the reverse link) the SNE for each 

: 2.0. : tiansmtssio n channel (i.e.. receive diversity port),, and coding f> ceo rdi ngiy : based 
on the recei ved SINK. 

A inirihil . il Id ia th iOY, >Vu:V ') ('. Oil hvd Ji I' ti ■ 1 . 'i i" v • ! i. : ni l< . p;W !0e 

the requisite inn a., vih- a ■ lot parilabCSb including tinea" , ad ion n« ar forms 
of 2 era. ii ii i in, i •. orreJatton matrix inversion (CCbfJ), and mnumoni 

25 mean square error (MMSE), as is known in the an fan asampb. da derivation 
>>t SbKs (a i a. n.. i-hncas ;;an M~cmg. (partiai-C'-d » ddbrti • ,ssa rt < ascribed by 
P.VV. VVolniansky rt at. in a paper entitled "V -BLAST'; An Arda.tediiie for 
Kealiaina Vara t Uo.h f ada Rates Over the Rich- San aeana Vdivd-.-. dbasavd" 1 
Proa. ; !'«•.!• iadw : -d\ r - ,t, Italy. Sept. 30, 1998.. end incorporated herein by 

3d referent e. I ie eigenvalues from a M1MO formula urn are related to the SNRs 
ol ilia viae even deb tar a i. nan CT4 i.-e. Koti-MiMO a;a-,a- can nsa an 
assortment of methods, as is Imownm the art. 

aadi. i "a T> ->-,a n -hannel is associated v ah , l - ,|* h< d n ,< . i ■< kn-.vn 
to hotn the transmitter and receiver, tn tins case, the modulation and odd,, 

35 <oa ' n-'0ar i a d a« da' a, ii i .« L i , a. d i -rt'ia ,, 1 - in daa d\R <.>', 

th » pa-ideo satiMTii driii' I Id.- aide i",a ediauos tsi of I la 

awilnbl • in 4 iatii ,, aiadjai ub-, and ... 4,^ ,-.a, u , a 
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bibi 1 I >• i i i •> i i ' - i in . ii * mi > i 'bat nu i ii > ti >.J n 
each nicdiilaiiijij:!. • v mbol J"i a parie, •■ aa: bv ft cif ver ; i eiia f >„:■:,, {'■'■• luurto- 
enoi r.iv, i,:' ':, !; hKi h,>i ver ^ir; ': ; i\ itji i..'C-. I or ro, l'i "''M: > vyy. ■'.■■'-U } alsi 
lists a f>: iict i if en< -iii Lit i« ii • scheme a-.acieb bar 'me w itli that S'NR range,, the 

5 number o 1 , , • , . « i ! , . i s l , , , i j n ■ i it j ■»< < « . U h »r eac h h i J - " a I • > i sy i j . ' > i for 
Ihi selected, r -lednlaheii -.Hie'i v. and the Conine rale t^n: n (Siren tht 

n |i it. "i ub< f i j d li:L i * . i i* 3i i .i >1 i< .mi! 

i i 1 ii h-r 'i m e 'a' e o I .I n , T , m'-u! 
'".ib i.' I H.-.K (ir.«« .•< m nbinarton of modulation ! vIicm- • uv,i t > ; >c n : '\ rate for 

10 eachbbl'R v.yhjxi. j'hc auyoorted bit rate for each la i * m e . < i <.ei . may be 
achieved edna . i n v otr ot a r. umber of possibk: i "n Sir. has-, o; v i^mg rate 
.'ii'ii i :i , ..m,'3 o; !.;.( i. iu M.„'i' Hi '. 1 u ; - ' \ ,, i i vy i ■ I ; (..I if; 1 1 1 1 i,i ; ' 1 1 , t ", [ ' >■-, r, i. ' 1 1. }?•. r <::■ I ilxi i i.J'iav be 
achiuv b i-'.u j u i <H "■- rate of 1/2 and QPSK odol ion hS ding rate 
of and I'Sk modulation, (3) a coding rate of 1/4 and 16 QAM, or (4) some 

IS other u:;i,m^!i.)i. oi. . ■ n bng rate and modulation scheme. In Table 1, QPSK, 
16-Q.' "> i , i M i.lt ; < >J r a used for the listed SKU s ,ieye a. ( Hher modulation 
schemes such as S-FSK, 32-QAM, 12S-Q.AM, and so on. may also be employed: 
and ave wiihin the scope of the invention. 



Table 1 



■ SNK b 


#of Information 


Modulation 


# of Coded 


C :iu'ig : : : laie; 


': Mliftgee : '' 




SyiribrjJ 


liitySynibof 




' J.S-4,4' ' 


J 


QPSK 






4.4 - 6.4 


1,5 




be? ::.:.:'::'::'::' 




6.4 - 8.35 




16-QAM 


4 


1/2 


8.35 - 10.4 


2.5 


.'6 -QAM 






10.4 - 12.3 


3 


J6-QAM 




3/4 


123- 14..!.? 




[4 QAM 


6 


7/12 


\:-.y> 


4 


64 -QAM 










64-QAM 










64 -QAM 
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For clarity., '•■ er e « .e- j •;...•<. !s o! : ibio rm, t - a— » ; , , • « :i,-ti ,. ,b I h »j ..•); a.e. ()l'l)f\! 
system and, in many instances, for an OFDM system operating in a M.IMO 

mode. 1 fot ,i h , Mi'.ii Jtl PhM h I |.i j|u i i |f i I f » 1 I i 

i.e.iv gonor.-lb,' or uyyli'ij S<> ea: ....-i ie enr.-y, - f1 ,. ., : . v .„ ; s sl!L t f , s _ fo r 

25 e e-Diple f! } ( r : yyy IV! ' •" . i . !;e-e ..ill out "•«.' I \bb (2) . Nil h*h ' -,\ 1 h ,o 
operat'ini.-.' .-uu'iou; ObPbi >'>.«•., e-.j.-earamir' br»-<-.1 o-» a e : ivy.-' iivqi^ncy 



W(m/iN»20iO 



Of OONWOOSCi 
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subs \< ill >• 1 1 > ;i - icje Id- c 1 1 «• < «u h, c - ., uhch ini i>: 0 a 
MI MO •:< sunn «h>-.t, l:n;.; e. ith CM i .«!"«.;. and :••(;• older OFDM v -irnpty one 
a-Umkim a -iKtir die, . ■,>• m 'ic cud 1 -mc! >> ' .. uiiiiu i- J' > n'<\v o > s.sj 
frean Mil,., kmnels. 

5 

Staiii."?-'. 

FIG- 3 A is a block diagram of an embodiment of a parallel concatenated 
ri'i'ivi. ihii : i si. 2 oris. O'. \<r 1 which is often reiVi red n a v a h r v» encoder. 
Turbo encoder Il4x represents one implementation of the forward error 

10 conx\.\:\:-'\ ddCi | >or h< •>•. of i.T.i.uder 114 in FIG. 1. and nia) 1m usi J to eno .1. 
<!.•:!.,> 1 1 n ^ ;r !- 1 1 .iv.i-i m : eve;- one or more transmission channels. 

I he e 1 1 ■ ' ■ i' no t * . , <der 114 may im edc a m: cm recti n > odingui 

error oHi'.-iior coda,*, cm both, which arc used to increase the reliability of the 
link- The encoding may include, for example, cyclic redundancy check (CMC) 

15 coding, convuJ'moo.-il roiling, Turbo coding, Trellis coding, block coding (eg,, 
Reed--. c r-r: >n , i ■, n ling), other types of codteg, or a comi -ri u ! i< m t v ~< ■•■ <l I V ,- a 
wireless communication system, a packet of data may be initially encode! v. 1 1 3 
a partiojuii- t \Ro code, and the CRC bits are appended to the data packet. 
Additional So, id bits may also be appended Lo the da la packet to form a 

20 forms no! i i, 1 1 a o^ckct, which is then encoded with a con vo In dorsal or Turbo 
rode. As used herein, "information bits" refer to bits provided to the 
convolution^ oi Tnxbu encoder, including transmitted data bite and bits used 
to provide err. ir detection tr correction capability for the injn.vmkii o rjite. 

As shown in FfG. 3A, Turbo encoder il4x tncludes two constituent 

25 encoders 312a and 312b, and a code interleave r 314. Constituent encoder 312a 
receives and encodes the information bits, x, in accordance with a first 
i i i 1 1 1 u . i > i J t 1 st quence o 1 ; :> ; >< 1 v < , , - K ods 
i>, '.i Lv> ,•} 1 tvo " i - .'i d mtcrlcares the jnform r„>i be <t i onkm t . -L- 
,-. particular Ink Herein.", scheme. Constituent encoder 312b receives and 

?0 enco.ir>- iJ.i i . rk-j^^i !o'S m acLordanct wiib . -f i n,,. 1 < ,'i t -'ti r. ^-di; 1. 1 

'-. i' t I ,li .< SlOlld m 0<„ M i ! 2 i . <> t' :s I I. If ImT , 'b , bi„, {, 'I 

bits, , ih: pa bits. fir. .in encoders S\~:, arid 31.2b are pv;vd«! to tlte next 

in- i, ' "I in- d! ml i e r I ';Oi 

riid J2S i,~ cii.igmm - it r,r -"hi dmn rJ oJ , l ! jrb. t no>d< i i-U, v.-T.ic < 

35 o one implementation oi Turbo encoder U4x and ma.y a!s » be used within. 

encode: j 14, m ffi . ! Lo hi- esa o.'iic, TnTm 'Oi-r«ocr ' : 4> > a t"H>: .b ; 3 
>t. . >d, it nj,,t id, , i v\ is ; . ni bits, ! and .z,. for each ' «' ' niation bit 
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hi em osbn, Hirr iHH'ii s.h<nnn ,,i. hiC M5., each const 1 I j (2: rd encoder 322 of 

'i'niim .■••(>. mlrr J I4v :rnp!oj ivnl - !h«« h hi ov ,nr, mr.sfbr .tuncdon for the 
.-I :u'----tt3;.0Lxl ■ 



i/( D) = t -l- D" - D 3 

Other «n , 1u-'i 1 i . ii '.», h ,.iy ^Ipo be used and an; v'id'ir ii-.i ■ stope of fhe 

■ invention*. 

1. .'ii'.' t.i coder 322 includes a nun 'bo e- M-ne- ceo pled delay 
70 elements 332, a number of modulo -2 adders 334, and a switch 336. Initially, the 

status < ; s dd .i v >3m needs 332 are set to zeros and switch 336 is in the up position. 

Then/ for each information bit in a data packet, adder 33 i,i pMM>nvs m; del. ■ :■: 
o addition of the information bii with the output bit from adder 334c and 

provides the result to delay element 332 a. Adder 334b receive, 1 ? and performs: 
1& model. od'in-.-i of the bits from adder 334a and de-l , <ut > u »^2a and 

332c, and provides die parity bit it. Adder 334c performs modulo-2 addition of 

the hd :•• men oid;o eUsnone- "••2b and 332c, 

After j i ) i:itji i ii, i Lion bite in die data pacb-i hnve h,-:en eso obed, switch 

336 is moved to the down position and three zero ('"0") bits are provided to the 
20 constitot?ni encoder 322a. Constituent encoder Uiu Vn.-n ei\i<.».U*< the three 

ji - nd{ 1 * ib i* ail systematic bits and hm. • s n! pms; Ism, 

r'm h packet .dm information bits, conn ii e.m it ni.v: ,rr -'2,:,> pmvirb's 

' , i>ih < i« 0 m i I h* Mr >t three tail sybte math h > ' ] \ > > <l ! m , ,i .d • 1 1- 1 

first ih i it '•-,.11 v b.o, em -lilu ril ■•n:M..J. Ohm <o< <]•■■<■ die -:e. mvs 

25 Hi.vr e 1 1 y ; : : ^ir- ,. ; ti . b i is. , N pai i tv bi ts 2, and iK ! a s t t b r : s 1 a i ! >. > \ f \ b i l • . For 

each packet, encoder 1.1 4y provides N information diss, six tail systematic bits, 

N-id H v em h rso. cm. mine -v.liri. „u d VO'; y ; oly hit*; fr . mi oso ?,1oi 'V:.:r , 

Cod. 1 interleave 1 ; 314 may implement any one of a number of 

i nteriem my, •nheri tes. In nee nOi v:hc int.s he emu schem.r *'c ■ K information 
'•'..I fnt- in hi! ;<.•'.. I in ...','i i ee y, O'ee inio, me, In >'heii ane, e.erree 

is the snoods-., enema snob, then: bl < 2'' h. fbm rem'-, are trier; bubhled according 

to a b i -on nee if rule. Ids 1 esunyde, on-, j ("DUO 1 ' 1 1 **'! e. -.snipped n ; th row Jo 

( "|n.T::i";, ;nxv H'yOOl i' 1 ) m n,v,j|y««.s i s,.nii rev .{3 i/VuVJ.'O ."md -eon. 'ihdohs 




5 where 
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uVh ;, » ,.:„c\-< !•••",'•." .1.-1 • iber. permutated {ic\, reaiaamvfo; ..wrunbi - to a row- 

specii'k I «•« >!>;•! » •••tliji aequ nice i.b" O Jlw ICS lor row k may be defined 

a.- : i-i it p. fi'i < «.. : mud 2'', wlwre i .. V, ].. \ T,i _ ..• , and e fs a hjvah'U' 

value >elec!:e(:i for each, row and js tu.rth.er dependent: on the value for n. For 

5 pei'iTiiitaiLori m each row, die »"' bit at the r n.v is ph.. i d i.« hi, jUj,,,, ,(':, The bib 

in code- interleaver 31.4 are then .raid. out. by column. 

The above 1.05 ..rM.le ditwr leaving scheme is described in further detail in 
comiitoi ;,' ; lied ! 8 Patent Application Sera A No. 09/205,511. entitled 
"TURBO € 01 il- ! N PE RI ,EA \ fc K USING L ! NJEA R < ( ».NJ< iWJ'rKl ! AJ . 
10 SEQLObi.TF,' tdee December 4, 1998, and in a dotmr-od end tied XSint-i*- 

1 Physien. hay-.-r Sia.i- lard feu: cdma2000 Spread c ww u ,>•■ '~-\ ' .' hereinafter 

referred m a> ! i < m O'Hl standard), both of •■'■<•<■ :m <n < d la u f 

by reference- 
Other code inter leaver may also be used and are wit! en lb: a cope of the 

15 inve; a -ei • ■ w • !- •- a random inter leaver or a synravu* deal-random (S- 

rartdom) interleaver may also be used instead of the Hnem groeriiiaj 

sequence interleave described above,, : m 

For clarity, the data coding is specifically wwmb. w based on a Turbo 
code. Other cod nig schemes may also be used and are within the scope of the 
20 invention. For example, the data may be coded wr.th a convolutions! oodsy a 
abi't e»... \y, a ■:> >m .n< a i.ded cede comprised of a cor <hii m- in , iif block, 
: convolrlHaial, and /or Turbo codes, or some other rode, The data may be 
coded in accordance with a "base"' code, and the coded bits may tnereafies be 
processed (e.g.,. punctured) based on the capabilities of the transmission 
25 jt.ier.e,s uaed m kenana) 'ho dam 

hltaaajec;! lOmdm vim:, 

Referring back to FIG. 1, the coded bits iron.) encoder I 14 are inter. wn ed 
ay « ! a I one er . b to provide temporal and Sr.- ji e «! v do m< ,ir, w 

3d deleterious path effects (e.g., fading). Moreover, sui.ee coded bits are 
subsequently w'ommd . ...pother ;o form non army oyinnoiH dan am iden 

i i ,i 1 i j ii h i 1 1 1 i • hlaii H o U, Lb ' lit i ' i i ',! o rr -.er , ii am <■ th I hi emied 

t:-d- Oat ham ea>.h m, if i : hi hmi <■■„■ jute >' ..re r,oi Ji a.. ;a.v. i,., 0 the* 

(i en pin-al y ! h<r a.m, , a di five wmlo t. atiumm. u-.fi I* .-\^-Vw. *'d) dimmi'is. me 

35 . i..-«ft'l " i-| ■ .,- i.l ik j I ..r'.er a >'v >,< j neo < a aim. < i ,4. •". d 

• is > - Il e d, ■ t -<J r> t i f. i„i i i Our a I i; lavs-, 

V.jrava; i el era ;>■;•.*■■ a '.-d 'irer aiav ir- L i,rd ran iho da: u-.il n..:-:lcMWa . 
In r merle*.: \ a a/, adien...-. hi. .oaded lata i ;.e., ha: n It a n- a. ajri, tail, and parttv 



I !•'! 



bits) for >< tJ p..d a m-« , m i,- « d, „► ,, m i i,., . ' r«ii-ut. 'j The bits > > <• v I 
row ru*. Livii be rj.ni ii-,:^ud (i.e., rearranged) based on ( i) > I'lHvv.'vsi: ob-. 
(?) ... !i" ■ eei.pn.v-u.ifo sivnu-'i'iu- ('••.- id- as the one cbocrfoeoi above for the code 
i I eh,v \'!--r:., ( . ' f ,1 lavuforoh •/■a-iieu-.Uee o,dau'n... obi or a perntutahon pattern 
5 > • i r i ! < ■:<■). ■ ■■■ > < t» 1 1 1 i l i 1 * i lii o 1 if J (. ! it «i i I 1 < i • J , t < . 
with, a .ih.iU.i. ,« ',, t . 'hi .L.'n ■ ■ | ■ n i., '1 i, i .. i .• n if. 'J n " J bits are 1 ii.-i 

n fj. '.'di < t i « . i .Siirvr- and provide." In pi "I'Ma 117. 

In an - < 1 1 i, '.he channel inierleaviop i | . 1 ,, , , u p i i ,lb 

for o,irf- he, <•-.<!..•'. --i i ' i:i ,1 oa< bet. For each packet, Ha •> • fore >.. I i< -m i - •* i i foe tail 

'I U and pM itv ifo.;; a from hue first corvbbuent encoder, and the tail and pariiy bit-, - 
Lfwn ;{■<■ ,o_<end ;. onei.i hunt encoder may >e n 'J- i ' L three separate 

mterkv'-'i. ■!"•-., i,. • i , 1 i employ the same or J r . ,,-nii' if i.ii< r i'.- 1 n- 

sehern.es. lb' is separate interleaving allows for n.o:b]e vaudii-'ng on the 
fodhoch. nil sixes, ok, 

15 The interleaving interval rnay be selected to provide the desired 

tempo! .j I ,!!i«> !■ |i .< -ncy diversity. For example. u«d» •! ha-, i< m . :<.nbi ulaa m-*- 
period (e.g., 10 msec, 20 msec, or some other) and /or for a particular nttmber of: 
sb'ans mission channels may be interleaved. 

!| ' Puncturing 

As noted above,, for an OFDM communknnon svdera. fo<- number of 
kdorma tiorv bits that may be rr aiismi t ted /or each no > b r la t i o n ■r y nbo 1 is 
dependent on the SNR of the transmission channel ised to rai mil fire 
moduli r,--f i M.i.L ■ . And for an OFDM system opera iod it ire MJMO mode, 

25 the . .j : t = si :■„■ l oi .in- , -ii,,!iii;i bits Vital may be tranooi tab o erich nodulahon 
symbol « dependent on the SNR of the frequency subchannel and spatial 
s- ) h i. h a ■ n -. r ■ ' i .' 1 1- 1 i i : i • -i .- i i \ it the modula don symbol 

hi aoa-roance who an aspect of the in\ o.me.r s , a number of 
coo--, i- < nmii it i ;: < .., rr s may be used to generate the coded bbs (i.e., 

d; ail'otn union obi and pan I •■- foleo t ar rue rv cues a e i, In a ha-a ^adiniO'jaucUi.-m^ 
Sidv.-iUf, a parefoular 'base cede ii.<..l eon >ir.u ', ; niia. i ua itp ( b. j|.tJ cd for ail 
traiismisiaon diaimels b''. a second cei.br : ebr uao tu dr •.; k./Icuu:,. the same base 
code bm . .-a 1. 1 b k puna noire h appind to: l:o ..on ..oraosii >■> i diaooefs. The- 
v.;.r,a,0 .• i t, ore o o« ( - ifo^a. n -ja o |p ► ib«. o n- in«". . < [ oilid-.. 

35 lit .. >o e- a i"i.i W * ! - sgram of an embodimen t I w <■ ;po sao I ir ; aj I ie i ^) < . 1 1 v.; 

-uded si-ts for a o r.n., ia n '• .b up) t ih b.iHi'ti.Ct ,nd cc-uir.iLr 
poru.l ai iaa ^'hi-i'i Injcab) - bit ]••'• a-ij- .... f i ( ;h ii-aoorsooui i d-«.inus! (i.e., e,- e'r. 
eiea-rnocbi. nJ < acd . : .ujijea., v .--.ob..hanriel) is deluoe .n»-d, ,ii step «'fo. I i.o aj- 
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'•■ H L "':''.'*! sv.ki;, f.jT nd if if«o VI I MO ico.l,:, I'lilfy One oarnTCi n b is 

scppodad ,vic n>r . Mil' H h\ p Me imr .'-i • ;>. rh ivuiiiicy 
M'L". h ao< c ; . >m b'db tor each I:. m-!Mi« i i. «m I :u,.\ be ceoon m r»l based 

Oil ho !F Ml- i .1 s * i 0 p i * "I nVr-IV.iCe uf « - mU L>:i t » t i Ik-ii.isrp 

•.Up 4 '4-. ihi' : i i : M i : -'i KliM -1) in*-, i iff n U :J' llutt'O jnb< •[ 

supported •:■.!.• J- t o:. iv,.v,o :-. ••! i du re M is dctronned Ivoooi n its A 
table 1 i >< ,.'-%m , 4 ,i i/MH/.e of SNR with each ; >i mi >'Oer o( »i:i<>i no <<•• 
I nls/n i '.'ii l.n ion ph<»i. -ad i as Table i, naiv to ua-oi i loHwor. h k':i' 
'|ii,r . i km fif bit step size tor the information bits si own m ['able I 

10 may be mad. A modulation scheme is then n.-M !ed lux each i.onsinooiou 
channel such In.': I bo- re a: i k-r <b 1 1 • ' < :• 1 1 wlior bibs.'nv >dt! i i -oonixjl con be 
tia«ndtted. at step 416. The modulation scheme v^y dsr bo v;bv ! oi j.> ! , 5 !-. <. - 
into account other factors (e.g., coding complexity), as described til further 
: , de tail .below.. . 

15 At step 4-18, (he (otal msmber of information bi thai may bi i an .mine, i 

in ead. a so s!is tor all transmission channels is decs urn ,, d Ibis can be 
: itcMeved by summing the number of information bits /mod illation symbol 

determined for all transmission channels. Similarly, the total number of < led 

bits that may be transmitted in each time blot tor all transmission diai^elsds, 
2(}h determined, at step 420, This can be achieved by determining the number of 
coded -'ii -/'.■, ,,i:iLifion symbol for each modulate t .wh.-in-- .-.Ji- ied hi step 
416. and summing the number of coded bits for ali o,.< ,: c;.!smi m channels. 

at step 'bbb Ho lo-.nl number of information bits bet earn rah :o step 418 
is encoded wim a -.irkmar encoder. If a Turbo encoder is used., the fail bits 
25 and parity hits generated by the encoder are punctured to obtain the total 

nimbi i Jo bits. " .mined in step Tin Mi ag HO'ir.ieo o b-d bits are 

fhi-ii ;oiM,»i'.i H')u In ><iry symbols, widch <iio It'Mii mapo b i-onniial IK"! 

symbols for the transmission diannels, it step 42b. 

I be f'h.M • i •< l i /puncturing scheme is reeibe'y -.ioij.be b> uupiement 

>0 >im '• ti'.ood' ...Mijiboi. mii. ..Hiring >dien r ip> . <d dl '< .n-i ■ 

r io, t rl- l i .»dsl M i obo.l U m.i. » b » i i udnj, .,.n 
point m a signal constellation conesponding to the modulation scheme selected 
for thai ! snsmissieu >. Oannol. ii too dbli ibe hoc, of Sue SNJK. io; the 
t.-.im-iurt-un. Jui.iu.di j- wibo |»f tlte br,la> >.v •jr!:y,: rou-l.J.H mm 

55 points relative h tlie noise variance for chfferenl signal constellations will vary 

w I. lob ! ns lain Mm a i,>h . i i r u p- j i .rin.-si i ib fb» torn 

FIG. 4: ; a. i :'bn\ ^-ani of an er bn.«. ai f«a gencos io.a ! . • r fsbr-o I 

ii ill 1 1 hi! 1 ii ■ a hi a transimss; n , 1 ml . ( !,«■', , jo s ,i kj^ ,.'tde but 
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variable po..octreo.ng scheme, h ebabiy, Ae tahb for each toinsFrusbieri channel is 
determined, at step 432. In an embodiiiient transmission channels with 

i;!>Lii'l! . '.I -M 1 I or tilled ! H " I 1 1 "H" i lit I I . ~ . . — i - r is •> y„j b 

traivaniiMd on pvn i omsrnission channels}. Tin 1 ' mm-abcr <»f oao-ira'Am hits 
3 per modulation symbol supported by each transmission channel is then 
deto.rrrki.ed based on its SNR, at step 434. A modulation scheme is next 
selected for each transrAasion channel such 1.1 aa t the number of information 

' ■ I ■ ..I iicc'i- i I m: i , « n i be transmitted, at si q 4> S '*j ^ 43 1 . -i >h a • id a >i > 

in FIG. 4B correspond to steps 412. 414, and 416 m FIG, 4A, 

10 At step 4 V *A the transmission channels be'cu-.yn;.. to Mi< »-n'V S\K no .pa 

are grouped otto a .mgmetit. Alternative^ . i.-om- can lv b A , J t« t - m,, 
numb 1 " "'I. 'i aaaoi: |, i., per modulation symbol '•- \ 1 m,. o 1 i.-ov.-ving 1.0 to 
1,5 infornah-m bit --/modulation symbol, range ■ '■ envm," i - e so 
informal A-i hiKm Modulation symbol, and .so on). In this ease, transmfesion 

1 5 chai urn 4s i cad i i.a i ai 1 1 bar of information bi Is per modulation symbol within the 
■same range are grouped into a segment. 

Each segment include* K ; transmission cham . - cmitcK can be any 
integer one or greater. The total number of information bits and total number 
of codec! la.-. A -a am lv transmitted m each segment are then deter rained, at 

20 step 440. For example, segment i may include K, transmission channels, each of 
which ua y s-jn | -< >"t transmission of N, informal u ai h- : ■- / 1 'n A i . 'a i ion < , en .\-\ 
and P. tail and parity bib /modulation symbol. For each time slot, the total 
number of in formation bits that may be transmitted in --.eeanrnj i can In- 
computed as KAJL, the total number of tail and parity bits that n\ay be 

25 r , i i , , s • - i nil "i I . i as K,-P ; , and the Wo! i a, n lv *>t oodorl bits may 
be co mp toed as ay A '■■ Pj. 

* u p 4- " imo mation bits to be tranmar an i <n •:■■:<•■. h nine sloe for .41 
seg.ec-nLs. which may computed as Vita\i ( . ,,< nji-ad , id a preAcubn 

encoder (e.g., a rate 1/3 Turbo encoder such at the oar shoom -,n AG .--hi 01 
10 .-top .1 A oh i"i i mi bir- and N /R parity • , ,Ai - , < o^ueu .. o tl Ji 
tTarisTniasa..)!.': channel o! s< ayne.A e cohere R is the codmjr, rate of the encoder, 

bits n- j mrcd for each Iransmassion ..eaam.-i o( the iaegrnenb at step 14,. At step 
448, the \f irubrrnation bits and the "ff pa rib/ aod tail bits for each transmission 

35 "h >n "H i .1 p mi oi r< m a «4 I ',,,< it i , h«b <l u < l> • mm nis.-nn-'i 

dianneJ, 
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The xxohP uvmig/puftcharing ^'iRrn- rr, y rvrivax imp>ov.-rd 

perictrsnance over the first « ru, fpi.vlXx il the disirTnf ■ *ui *>i XN'< for the 

i r , ! i ' '~r ! j-.sh >' i. ! I :<'! i h '1.- i' • V,. sTeX X, d, XX.V :.: <J I i.'f.. il L uxh I ll' 1 i i: i : <} moo •-. and 

ceding \ -U' X- ,1>-L.' i % 1 !. L. t , r, «!,.,. .[-.-4 i, , ,,,, M(l ,'. ||~i L | t _ j,bi»r jl hi> 

5 l»uiv;r,iillud or <vnT lui setexrei ch.irn I i : ly\><; <A'\ minim iicaled irom Jx 
m -nci j i 'h< n 'ii- imi.'i u X,r. • t ., * s ' m . I . 

Xtbfo f s.u».i > the quantisation of the r -ni tl n.-r m <n:V>Mnt:ii<>n 
bits/' modi' -a' ion u'bo! asrny 0.5 mi Xa> see. 1 rx cpeeXenboe ;>r^rtularitv 
may be .reduced (i.e., to be finer than 03-bit) if" each segment (and not each 

!..' iiar-> .i ,"<, •: , i ; is required to support an. T...>cx nuns vr of information 

bits. [! ; ! .. -h is ivi. aired to be cm integer, a larger mlngi i *. " • 1 1 n- ioi K ,i !i. on- :oi 
,» i i, d )--s 'i/i"' (or N,. The quantization J m.tnn''. i i I uih < ' 
if the quantization is allowed to be carried from segment to segment. Pot 
example, .1 one bit needs to be round ed-off in ui .o •srginyn', one bit may be 

13 rounded -up in the next segment, if appropriate, The en-si X/xii. granularity 
may ah • h " -di . .\1 h the quantization i* allowed to be csn sen . ■ * - 1 turnlpx- 
lime slots.. 

To sup|-H>r! ,:n iT-Dtvl system (especially one operated in. ''Ibe \MIM£J: 
mode) '.v.vu-'-'v dihVx.u SNR may be adiieved for -.he bnnsmission diamiels., a 

"20 flexible p j ... icmo;-'.- sdieme may be used in conjunction with a common base 
.encoder ie.g.^ a rate 1/3 Turbo encoder) to achieve ihe necessary coding rates 
fiiis S •■ - ■. it.;,- innes lurmc may be used to pn »-idc ih.' c<t e.-ary number 
of tail and parity bits for each segment. For a high coding rate in which more 
tail and parity bits are punctured than retained,, the puncturing may be 

23 efficients ichi • d - -ct, insng the required number o tai ind xmn, bits a- 
1 1 i e ; , re ... :; e i. e: n i. i e J ' • \ \ 1 • ■ ' e r r • \:l ,.. r i : i , j d i 1 1 ( b n : - = i >, c • .. 0 v. • r •-. .. 

As ai\ i n ' a si'-ment may mi.tmi ' > > ^ I 1 ^wcTt .iH>n symbol* 
and Ims a H-U ll i.. - in| • m is transmission of 2.7" i ii.-n : ,'j,n v. bit*, rr : . uhi ii< 
symbol For tins -e tment, 55 information bit- {55 - 20x2.75) may be 

30 tran.sc-iiifvd n ?n , i ,,>.!; ibi lion symbols Each h>(.>. i ;ii .^lnhro el m^ni l 
form<-'»i \vi\h IV.-, s i r.-dec hi 15, and SO oxied h:ts nr« ni'odod ior :iH nroTtilpnor, 
symbol;. Tli.e 35 trJor.nauon trits may be t'licodec! v, ,ih a -"ale 1/3 en.cod.er X 
generate 12.2. tat! and parity bits and 5.5 inioi-mation bhs. These 12.2 bifi and 
C'.ni \ \j I is l.i pi in; cidt i < " l.nl u ■ , f.-t ! • H,h> 0 

35 tlx :k" .cN'iii ',• hid i .=xxi «. »n '-ibilh. !' .. ..im ilb-, > nose :he ?-T 

coded dm. 

Referring back to FIG. 1. puncturer IT/ receives the interleaved 
'•■•r-'inxbLX TnO ecj.'. hi Is ire sr .h.innel irtcrken or JlX pnn.,. ii.es {i.e., 
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d;h?f.:-.j sane.' i m it- I. ii*t and oirO, hi 1 * i« , <\iie . i I te , la a •«.',., t m „• r • leod 
and rati J plexe?: the unpnacixired infonnation, tail, and parity bits into a 
i 1 ni . U The information bits o- r> I t. i mid] red to as 
-.■\f<>.> '*n,!{'j nils'! i j i, i , d~<i iv p, in, lore ; i'< a ; . f ; te nl aao pads Ki-, and 
5 this is within the scope of the invention. 

Hi , P ' .:~ a Ot,. -ai.nr • •-« ai.. em jo f ti« ta. o| .i : ■ *s * i i n.<-'i M7\. o. h,r!i may 
be used to : »o "Tie var ah|<- puncturing of cod on I ml; I ' me: un-.- d >■-<■ isihc 
implementation < 4 rnine tines S 17* in FiG. 1, Using a set t:b counters, puncturer 
1 I7x performs pimc Luring to retain P, tail and parity- bits out of Q. tail snd 
i : > per ! t v I ij ! s i-'i • ;-, eee : ". the encoder for segment i. 

Withe"! | nm.l .nor I i/x, the Interleaved t:u , ..0 < i:j ". ! e- <• % ..no - 
from the two eonstiiuent encoders of the Turbo encoder are provided to two 
ii'p.e- o" ,i -witT sudtch342provideseitherib.pl/... in I and parity bits or 
the z m , • ill and rarity bits to line 343, depending on a control signal from a 
15 toggle one "do. Swp./i-, .142 ensures that the tail and -writ*: o:b iV.im the two 
ewe r$ fiicv.hir.rs fsre evenly selected by alternating between the two tail 
: and : parity bi t : s trea ins. 

A first «..-,: ooa-r y 7 ,.': perforins modulo-Q additior. , rej wraps around aid. 

its conte^ A second counter 354 counts (by one) theQ tail 

20 and parity bits. For each segment, both counters 352 and 3.54 are initially set to 
zero, switch 342 is in the up position, and the rr-i :m j or : v; • bit y^. is 
f provMid t&XJin multiplexer 346 by closing a switch. 344 and appropriately 
eontr-iltaj;.; !.<> .noliplexer, For each -.nnst'cpn t i i... 1 ■ ,il , <„oi m> i - Is 

increei.'"i'ed < , and counter 354 is incremented by I ' h v li rot counter 

2" ''.">2 b \ :v ' ■ ,J< d U - a .';<•> bto-i u w ti <,••>• niei '' \1 e •. pvr,.a; u o- a m«<dido Q 

l i ii Hi entes id o inte r 352 wrap- m > j 1 1 i . fa I n • v ^ I r 

m iine 343 is provided through switch 344 to multiplexer 34b, which then 
pomade b< tail.' i i »i \ bit as an output coded ! a ! b.e '■> i,nn,> a ..aii ,»r padty 

I'n is j tuidt lr .« ' i, lexer 346, toggle in- e Ol : l< U , , i,-, o die 

30 Loutr ij -1 :j .], u • <% di-*r tail dnd p-inly bi J -ire h i nidd << i " 
The pee'* e^i M i eec- uelii ,i I (,] i.di . ! ad pare-,, if, th c ,,tjpLex:Lij are 

exhausted,, as indicated by comparison unit 358. 

'id pin elu i 1 i I d la i i it f ■ up: i 

u. .jr.>'"i,t:. ; n pes ,,|, , 'i-eeen,jrt« e e.«' ie»l..- - . .{ [a, I no a f Ciote bib. 

ts «• be pti «cU-!c«J ale a.. id !>•• I :a!..ut-;eu I. c- a.vetf Hur i '••.•«.. nr-i HeaeEit codec-, (i.e., 
eppeo a,;l.-ly en m, de a > >J V,.. , ad Ci I are 1 i »a t\ I i ■ « '-,«P ,u nri 

(tie ti t ii.'. I , dii.sul b di itieua.a.1 rebm e\i.a o.,o rh<- code 

block for each siegment. 
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if wf, in .i r it os. he number of information l-M:- ->v<v rv li ^ liar, > h l ■ 
...:i\u:u i-il ili! n\urnm>nun > ba n nv-. In sim.Ii M'arn i-vr the a vailabu and 

M'W i 1 ! i n.i - in * S'c'fiUecIwitlizt.TOfiadv'iiii - i r i n , I n 

eout-d bia- orb ■ m,, . . h. - nana- I'd 1 traoai rai p< ae, • in «, d-vib reducd 
5 for some arher:ae : : -. 



10 the M'..i,Jni,,f.i , ( i-.Tiu i'e defined usmg Gray r» -,[..' j.-'i' 'I ho a-ray mapping 
< .Jur, ■>;-, Na i ■ n'i : ••: -r n| tvt tnc-s for mure likely error events, as described in 

ft a her detail iudov,-. 

HlC r i 1 , .. d',i ;_,..''-« of 3 signal COnStellflllO « h;s 1 n-a/lA hi aud .• ?-..UV:!% 

Gray t:up.-:m ; *. sdmtne. The signal constellation for 16-QAM inch des i 6 p( <i tits, 
15 each of which is associated with a specific 4-bil value. For Cny mapping, the 4- 
bit value .viiy m.-»\.un-d * vith the points i n th e si gna 1 ccmstellaii <-n -,ed- . h .u ih 
values for adjacent poinfe (in the horizontal or vei h; :>l - : ir ecm m) differ by only 
one bit pu.-.iiiut. Tim values for points further way differ by more bit positions 
(fcg^ tlie values for adjacent points in the diagonal d-.re.im « ddka by two bit 
20;' : ,po8itiorts),i f . ■ ■ 

Each group of four coded bits (l^bJ^b) is imi :-pt-e ma -.l ^ ■«. die pciint En 
the signal am m s I n i, ■ ,;ss-. u ■ icd with the same value as that of the four coded 
bits- For example, ••.nine of ("011 J") for the four coded h:tt- aiwpped to a 
point 512 in lb i > < J > inflation. This point then rcrpu-seam the modulation 

25 symbol for the four coded bits. For 16-QAVi. .;meh n. ,e'«. mm ion symbol 
I'-pu ; , a -im' in on,;." i 'i • >■ \- -io i i « m m .n-i.iLh.JM wild the 
specific point being determined by the value of the four coded bits, Each 
mod'.Maiitn .>>mfml < ar he expressed as a complex number (c + vi) and 
f i<t 1 1 1 > 1 1 n r • i i * • m •.! -ssing element (i.e., Mi v ) •] i f"'> P. s ) i u i 

30 At die receiver unit the modulation marbiaT are received in the 

presence of imue and. f r >l do n » map to I i u ,Un >, i the signal 
eumm'lri! .. ,r,. fur ihe ai e n-e <r*..i •* a >1e. Hi.' n I m m ii i .e.h.i ir. uhm a-: flic 

i-.vri i . a. a , , ,e|, a , ii i , » f I i i« i , i i > ;> i . ; i , >l S f ihe re. nor uii! 
Jbeiv.ra mro r,.a>ed id.- •< o iv« d niud;i,!'jm rvnipiol m ' ;„ ■ ■, r.npp^d to 

35 >:tu': If i.-.a t .irt i •• die itigtia! o:d)steilaliori, Ty pica) I v, there is greater 

lide 1 lit'Oc id :\-, v ceo-i vc'-- in' Hiuh-iaeu' svi 'J.. "I iaaria, >i ( ippuiJ to a location near 
Ih;- canvta. m-adi. .a, a -.a,, -naa Ha.- peae«- -or '•■■•H : \"„ 'iJall ". 'in a?', os d' : 'i"i"'j. 
Thus, ihe aa.ae h i;e) e rTo.r ever- is a i . -i cad i .aadi ii.a f.. u r«a h -J bar- 




fa, .1711 *'/ il i dh'i-n 1 ., for each niodulatkin in nie arc,., Qp-iK. h..-Odd\i, 



wo imvtitm 
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uao? t « « a e napped a ;„i,r. n 1 , ei"0 lo h»- v r'ect parai Aid :-nuv 
ndpa'.aa. ;;<eaue >r 're sayaal <. :as' e"lai U>; , have vah. as Mi.; 1 il'ivr by ,v\\. w-te bi- 

ru-hoi i Iiu 'j 1 1 i • 'i i <<-vr, >,•.' < , ii, v m!, ' ? In' 1 " n'-ri' I.-.. •, 

error events. 

5 1 tL, " a at li !«.- i at pr i;; da. b n< \\ . ,?j ri 

< ' " '• li. 1 i 'f " '» 1 .i -i. ci. i ; t , m. may also ii-.u and are within 

the scope of "be »n*ai t 1 ii n t- Mm biejee < ,;i ly'chi.'.kr^ '< .-• o-ner modulation 
scheme^ ' .•_ , ,- J"-|' , • >«- 1 A'< i, am so on) may .1 s > be ti ». >f if «. u ^ O' -m 1 . « r or 
other Iray mapping schemes. Far some modulation schemes such as 32-QA.M 
to and i I?:.-: -v * -•!, a p,n luJ < ^ray mapping schenr nay be used n a ful Gray 
map; -mil ■ h n i>, run. m ibb' . .e»p i - I < « < - - L * ' j J Gray 
j nappaie, may ae-n be need and are wit kin die scope !••** the mventi^n. 

M1MO I'iofn" mi a. 

15 fIG. 6 is a block diagram of an emboduneiu of a M l.Vft ! proo ssor !2i N 

which is one imp I omen la t ion of VUMO processor 120 in FIG. 1. The 
modulation symbols may be transmit led on multiple frequency subchannels 
and possibly h\..u a a. tuple transmit antennas. When operating .in IfeMlMCT 
mode, the transmission on each frequency subchannel and from each transmit 

20 antenna represents non-duplicated data. 

Within M1MO processor I20x, a demultiplexer (i >-Vit i\- mo receives 
and demultiplexes the modulation symbols into a number of subchannel 
symbol streams, S, through '% one subchannel. •>;,•>- no :•, y,v,;> for each 
frei.ru* i . 1 1 ii ha i ..lie! i-edto trans mix the symb >\ . Ea-J. subchannel symbol 

I ' -imam is s i -n j >;m ded to a respective subchannel MIMO processor 612. 

'-a i * ib i.n.H. >s ILMO processor 612 may iiirlhar de-nub iptex. e 
teccf. m -h i« i.i ■ symbol stream into a number of (up to M r ) ?vu bol sub- 

streams, one y, ;ibm sid'-atTecan !'"• p;ich , ak-nna 1 1 j. < u hamma the 

moon nni=n '.vcmol-. When the OFDM s\ stein , j a, l<d b> U fvUM* '• n< de. 

31! eat h ^ u h > b a one ! Mi MO processors 612 pre- concl iiions tl ie (up to) N 

a 1 * >. k i mi.uiI' ea'.rdance with eqs i i <u ■< i L i ' an n to 

.•,enn-ai. i j j a i > j . d ,1 i u a., b !'i iO' '••Libse<.|i;eeSb 

ii, -i ait - i In rhe Mb u i,io b , , , b p, • , .(.die , ( d m .Ii bmu aynibol for 
a pavlNOai a' tr-. yei •, nhetianr.t t adi | >ar. i< nl.n unani a i. tana a re i 'S^nls a 

?.? lir^.e- ^^Fja'b'taao.a o* ( r. ei;:bia . ! >u.a:tutar«aa - v ai iJ"h :-b- i-r up k, j\J, iiMusmi. 
anl'i'an.'i'^ !;,. r Ji ^i 0-. r r ( i p. raj M r n •> ak Jataa. sytn'jil.s u-ftj -he yaaaa.it. caab 

e i'm i ' I'- n„ , «i i , is a 1 1 I 1 1 1 i t * •>, I ,h I j u o ' «'b in h a i -ti ' r 1 

'.aiaae'-atPon. 
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f :/: eia b > I mc -b p •! e p ! i d K p -> -. 01 « :. 1 h ••. i; a- I n ,.• •„..! ;!, , I in: t • ', nr. :C ) a . • V 
(\ h'(.i?c:J I'v lv;.'Il -iilvaai' Ml MO ar-ioa ••••«.*: diJ v ,-u1 i.*-rt-.\ ua'd !a (up an 
hp --VM.oril oindimeo, Had 4, r„u p , ryji... .For example, subchannel MIMO 
; > n>i ; l : s t • i a ,4a a. s paa a -d i.« « ' •-• •'] 1 1 f- 1 1 ..: v f.nhnuv n--J 1 1 1 • , e - , : , i v i 1 l ■. ; en >L p re • 
5 conditioned modulation symbols for frequency bubchaitad 1 of antennas J. 

•.'."lU'l.h '>., '"l.T-hill J I ' 1 1 J i if I h L I ' ' 1 J 1 1 ii , l. I f (. In Kit' .1.', 

swbdiannel L may provide up to N T symbols for frequency subdmttnel L of 
arifceririas .1 through N T . Each combiner 616 review • 1:1 k } ■ o- i ■ i 1< In ». ici 
mod i .'• m'.. -i-i ,-y-~i- hah- (ai i he L frequency subchaa * J-.. > > ■ : bm >. » u <-,vmboLs for 
"10 each Ume slot into a modulation symbol vector, V, and provides the 

' f ft M 1 Mil ,[ I ] I ' hi ,! L fx, ia in II") 

M.fMO processor I20x thus receives and processes the modulation 
syjrbois to provide N ? modulation, symbol vector.-, V, through Vd, one 
p mod -I ,'i..ic'ii -'iS\'i *-eck»i for each transmit antenna. 1 I • .-..i i<f i-n s »!' h pre 

:to condit ; . kmc mudoi/rion symbols for each time slot of orich andnna form a 
muduuVwi- ■;• , i ih.j! vector V of dimensionality L. Each elane.nl of the 
modulation -symbol vector V is associated with a spa i: c nvpniiicy subchannel 
having a unique subean-ier on which the modulation symbol is conveyedddHied 
collection of the . undulation, symbols are all orthogonal to one another, if not 

2£f p :OperarJng in a "pure" MIMO mode, some of the modulation symbol vectors 
may have duplicate information on .specific frequency subchannels for different 
m.n'sm"! Hiil'-nnas. 

Subchannel MIMO processor 612 may be designed to provide the 
necessary processing to imp] omen I full channel state intmmarion ffiell-CSI) or 
25 part i -.i I p ..a -a -aaa; ior the MIMO mode. Full C< aaai nda; saiiVa-m 
! n i i 1 1 i i i i > ! > ' i | \tgati on pa th (he, , amplitude . 1 i d } •> Ij n . < r, veen all 
i i~ i i H, 1 * I a 1 H ( t . ..-/ru.vioas j * < i j un 1 i i, f Fartiaf 

CSI ma> inch de, fm example, the SNR of the spatial subchannels. The CSf 
processing may be performed based on the available CSI information and on 
30 the '.deepd J-.-.pvc'icv suochanrtels, transmit aoknnaa. aud -, Kt "i Mir CSI 
p , n i r : « i 1 » i 'i 1 'i J j ' 'd , CM!, , j. i i, , i .»!, , fi For 
•:x. nr.. ih Ii" d- oh.., - i, 4 n ji '.I . i«,,i I, ,[ h i a ;xn titular i . n-, n 
mmO th:V»l.'i-d icn' '..•ini,-. • >:».er dat.i f/aa«-ni: ••!« » ir, Ui;: t : : l f ii-.'hs •v<:m.; :rav 0 • 
i"i:j.:i iix'i,, ii ,» ►•!!!:• iwrs. :,:•!• ex.:-.! VipC, 4ic a nrurani^- lion hnf 

^ bar, acequ,!l» a" I 1 C' d aid l '.a-'i.jl L'^J pi • >p s dt ^riix-L n urlh.t 
! " a! i 1 ' y t i o , d U S Patent Applicat ' i ' n a m Jl 

l'.'C (. ..bo l-i.o ; 'O trai-. .d ijx'-,' « « c'd' I 4.*h C «. [I- i i n :di-.L,t ! ' if 
i>4.ioi m'Uijo- V i.m.tpah V horn MIMd^ proems -.tar tdda a,' ;a ovulci.: Ic- 
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• ■■>'. i h lir. ••.'!> H4.i Go. oO • '41, ; i. vp'-l ov*y h, . • r •« O \ 1 5 1 . > •! •-,ji. L ",vs in FIG. 

6., fill's Uiil.iltii M. ' ti. I ii< '<"'•■> in Ohi Oc '•. >. vein oivG < , Tie- ,4* >: O.G ,-,ii<1 an 

\x\:>-0 u w or oor Gbl 

H'i ! ><J S <o tT»- ► ,»i sr. on • t r.u «d .d.oii , \ *nb I • oo n i i • i < ! m •• 
5 rirtui.! n i. (who t s ; obrree' lo ,o-- jo OHOd -yn b.:» i jk no, tbt 

mvot t I I i ! i, ! oi .i jOIM-M ill I oaji Of t j ,i , i rfnrin ih 
!.' on any m o.joi: of bc^concy subchannels . o. j o. 3',::. ( iud o: o.G In ,oi 
i.'ir.b'.'.'ir.'L'oL Uo uo.d't ti'! iJtddtion symbol veclc o..n - oltd U: oot OFDM 

- -ih'!, , . i I'icU- > j i- ml or f>22 repeat* a p> h : . i< ih 1 r ..>inain 

10 represent ah, at <■•'< iho < )! : DM symbol to form a norno morion ~\ovG..] for the 

-■j!.- 1 ! lO , ni.'H I'm t v . I. i"H''i i ,1m hi I iS'in ' !>i i r.M, 4 ( , i.l i r 

its onboe/snjl i"' 1 1 ioerb .ps in the presence of inO ! b ddav s prank [hereby 
i ni j ) n > - ■ i oi y, : -i r n ■. 1 1 ■ o j. i. • t an a;.; , \ i e i s 1 deleterious path effects. The j i n plem ei ita ti on 
o °f UTT 620 and cycle prefix generator 622 is knowxi m the art and not described 

The time-domain representations from each eye)- o'"i'\ ooorator 622 
(i.e„ the "transmission" symbols for each antenna) arc then processed 1 "by 
up converter i «?-, cor vorOdi into an analog signal. r : u. ..j jiat« :d lo a RF freqneriGyy 
and conditioned (e.g., amplified and filtered) to generate :m W" n.eoioaa.o.! 

20 signal, which is lb en transmuted from the respective antenna 124. 

OFDM modulation is described in fur the t Uef.^i '.u ..■ ...rper entitled 
'\hi'G_,n nri Mo: li.J.iii- ■<-. i;n L\;;.i . ori'-o -.-on : A" kG-i Wh';:-v i ilit . Has 
Come/' by fohn V,C Bingham. IEEE Communication 1 -- NU« •..,;•„ .v. Mav 1 -.Kb 
,••( .-r . i \nhp<„ i" ! h' i --IO by reference. 

25 For' -iii OFDM system not operated in the Ml MO mode, MIMO processor 

I %• 1 1--, i i i iii. i < ~ab;ed and the rnodub/Go nonls ni;o v grouped 
into the modulrttior. symbol vector V without arty pre-conditioning. This 

i r ector is then provided io modulator 122- And Ins on i *P\ *y; n <')perRted 

'.-.'ill i I r (i -ii i n( « i i ti f i-O not in the MIMO raodO. oic-ot ; U .p.r.wc bi4 may be 

30 remi>. oJ <»r Ji-oOiO i m Lite (satne) pre-condu « > ^ O- <» m i s >n m,, - ,i, 

po" id, h « M,p « •( r , , i- 1 *o d r-, -r- 

As shovori in FIG. 2, a s:uorn'loer of different trarioiiiiosions (e.g., voice, 

sic: I n d ilo O i and mo I O;o r,,nh «! t . b > o-i o S a, h >! 

ih-'M' i, , o'-'mi- inro- tr!,») !v,«i,o-.« dhlnu'iii p«r >«o«-iy.'o 

35 FIFb 7 is o block diagram of an embodiment of a system UOy capable of 

| | O i ,h ■ r M * 1 no , r »- . -s 1 h» ' i ' t o i 0 

da I a, n.4i oh ir.Jo,dHO aH •n'roirn «.jO bits o..« be 'rrm-M .olhnO hy :,«, .hti PifSy, is 

l-t " J • J ', to |jO i h ' 1 h ii ,n ) h n ' i i : tR it JUi 



dnLl V<:.r. ,,! vrfVi Ik'T Oi i K'l C 1 1 .'I H 01. •>. .si Va I: i - , H, I ! 1 1: C IU ' i '.^ K.n I'! channel 

data stream ruav > ■« if re si :«• >od to, for exaiTvpfe, sp-nT ea , I i t >m ■■>. .-. 1 » i \n U\,s 
tkmm'', a ccs.v utiU > a -1 in th Tin m r-.«r,i« :••,(, >m ban i cii.ii.r.o! ed . .ncer )■ 
pnnnk, h- i iv.-jjm, |r, ,. hicTiC dbmhocl r dedc. \ er /oucaS ,u -t, Tn mbn! 
mnpninp. em •! 'lil.nl u-i.ii.jt 1 bed i,tn- res .i • mnu nhr < no'dup; .siJaiik 
selected fri- thai r.bai on! dak sin can. lraorka*. L -s id- emended d/m, based on a 
pmtkaiai 'rli' s o ; ; ;•. kvne, puncture? the in(< . . > \ ed o «.'■> bits ai id maps 
the maedeasiT dale, if:., [undulation symbois n_<- m- nnc cn mon: una vr men 'i 
■mmin > .: -i i , i in . \tn mg that channel data stream 

10 The encoding can be performed on a rv, cLmm-! basis n.e, on each 

channel data stream, as shown in FIG. 7). However, the eneoitii ■ 'in , I-., p 
performed on the aggregate input data {as shown in HG, 1), on a number of 
channel data streams, on a portion of a channel d-«h. -.n.vim, ,jca>;-s a set of 
f sfxequeney sik>channek across a set of spatial subchannels, across a set of 

15 frequemv -aibdnanels and spatial subchannels, across or..-]- frequency 
subchannel, on each modulation symbol, or on so?:;.: .eh.-r am- of mne, space, 
■ . ^aiidd:rBi|uency. 

The modulation symbol stream, from each encoder/ eharmel 
interleave]' /puncturer/ symbol mapping element 712 may be transmitted on 

20 one or more frequency subchannels and via one or more spatial subchannels oi 

n n i.-5 ! b ,": p < .: < f ey i . ;"i '.'is a n n < 1 i . b v I ! \ « ) or o . •< • •■ i ' : i > \ i ve- j \ • c>- f I ],,:■ hi: i ■: :: .1 ui ah una 

symbol streams from elements 712. Depending on the mode to be used for ea« h 
modulation symbol stream. Ml MO processor 120y may demkiplex the 
modn ,' .in' i symbol rn.ua into a number of sub* rnond rn,;r.] Mn-.nns. In the 

25 emb. iuiiLi..'n[ bum as in FIG. 7, modulation syn hi a o-ea * e n .,] mi; > I on 
one nvouci ipv subchannel and mod ma tkm '.ynbi.-j ;.,nva , : >. p e _ ai emitted on 
L flVnUnaO) siii'vh.nvn.T-. The mochik ! k>n si' mm Tn- no I' Ij'pc .u'tm. ';, 
subdiarmel is processed by a respective subchannel. MIMO processor, 
demultiplexed, and combined in siniilar manner c y thai de.-tnb if i Mi . 6 1 

30 form a modulation symbol vector for eacii ha i <r< » anl< una. 

!. j, j ♦ i . ' an tr i , 1 1 utter unit cod..."-: and modulate-; data for each 
transmission channel based on information descriptive of the channel *>' 
tmnsrui'-'CM? fcnjddi.v . ; \v<; >n!'oi n ml n.:n is ivpinth-' 'n du- finn >,,' p.irti.ihC S. 
or full-'CSi d.-'.cr.n.j above, The partial or ml I -Chi for the transmission 

33 ohamvJ- -n h,. »:;nd \<t ,i dss-i 'rnno-rii.^/t.io :ypic,ii;., d.o -mime;: the 
receiver mini and m-coned b.jr!> to t:ii,e ■ v,>: ■>,>•, <-> unit, vdncj Hiti: uses i.be 
inio i' matron to code and modulate data accordingly. The techniques described 
herein are .. • <) T» c> a.- foi- nmldpin p ••..m-l • ,• ;>^.nn,- v. at rfcoicds .nip].'.. :xl by 
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■envlCk OFDM, or errs i "he: onn"e mica i iei i ••< 6 • f -n it-- k e,,, a (.'DMA, scheme) 
capable ol vjpporhr.e, resiikple psr-elkl 1 i see- ire - si. a;. J se i.« vk- 

idemok u.l:;it <y::.«lI}LH;iHli.iig 
5 PIC 8 is s I im.'! ksyk h of an embodinuii.. < ' a c'eesk! ^ p or den of 

system 15c? For -•ite-io. tim'sir a Turbo enc:vf?:r n-ec Us e;u-«>do d>e dsk 
u i ,<-,!• in ,ivir.'-.ivsir.'-:it hi. k I'uvhi i « h vi M-n is- s« >.-n\ -pi ir: t!i 1 ie ly M-, si I ki decode the 
receivrk r?%"-kn.ihon -» .ike-.. 

\s shown Mt' 8 the received modiiboon Msrook p;-< >vided u.< , j 

10 J i, ,i , ! e ■ I*]... mi ratio (LLR) caJadatioa unit 158x. f which calratai s the 1 J Rs oi 
,i--. ,, . !h ir « j , ijh « ri .1. . n -non symbol. • a kubo ■■•■:.> < J, i operates 
on LLRs (as oppose to bits), bit LLR calculation unit 15Sx provides an LLR for 
each i ceived codei b lie LLR for each received u dek i< 1 is > i. logarithm 
of the probability that the received coded bii is a zero divided by the 

15 pro 1, 1 1 : t'. r I ' i \i !•• i. ■ r»-u reed coded bit is a one. 

As described above, M coded bits {&,, !\, ... (j,J are grouped to form a 
single non-binary symbol S, which is then mapped to a modulation ?yraboiT(S) 
{i.e., modulated to a high-order wgnai constellation). The modulation symbol is 
process.' nl k -ii— i d ted, received, and further processed to provide a received 

"10 modulation v, s-bi;i is(Si The LkR of coded bit b m in the received modulation 
symbol can be computed as: 

- log(/ J ^(S) | 6.., - oS-logU^/JiS) | - iji Eq (2) 

- tog] £ p(fl(S j | T(S))~ log! V f ■{ jV( , • j / 1 >: , ) 

l, Ti.> ; l,f(Ji V=s 

■vher... ,'*! A't s > . .."•',„ - •">{ e. i he probability of bit l>„, being a zero based on the 
received symbol R(S), Appro:-. I s iee>. s mm also h. levk m «. .snpMknp I tie 
25 LLRs. 

I 'c-pt :i n,'! ~:> >'■■?! the- 1 MI.M.S1;-, 'V -r !V : i ,.A for code bits that hav* been 
..Kjl.ked k » pi link uj. vi t k i r.e o.-sreakkr. fe.e.i ..i . - P p el) k-u a 'Oiau.. 
••,/.:■'■•■• :"['■'", ..tkdi is n-Liis-: sere.: e« |: 'ii-.r | sjnk n;': \ n , ( i sk • likobe :o be n 
dero or a one. 

30 i m".' ij; i t"<'| i jsi i fi i t i ( J ; '1 see k- . i -e k k . \, >■ ' i V,- \> > I r n j nvs < r-i 

bi ts '.v s e in e i s sheiks hi ..vmbol tend to hi , <y> ,, -is ■;-.] I- v < -eereki "103 • e,in br 



broken .to by eiLerk-v-. me the o. niod hrv ):':>ritxr to raodnkibon. As shown in 

! !' i. 1, id J i hi b'l ih « d. M. eh e>de,< > i>: i- be h. l .« 'V -.Hon of 

Lhe coded bits in each inod u J ation symbol. 

H'i. 1 i'niii hii T.L.W ,t ii, i i ! J j \ i 1 1 § i !..'•( rkvo. ei « 1 and 
5 i.vj n Lor. e,n. e. j >■> .imi >. i r « . «n;| «l •;« i >. -i n . t«-< tin channel mUrkwin^ 

f." Ion me i. i'k !i ..I-, i-v I. -us ch.r' *e> lr «,,m . .i ' ' i I i - l-.i:wm.>oi-' hoc 

i-D i'ic ivseo rd 's-.i.Vn-jv,,!-.:,-!;,, tail, and parity bits ,-n*' ir^n p;\ iv id<-< ! si f > f'.nbn 
decode. !62x. 

1 1.' i*i 1 1 ii i i nil i M i l a i < i , * ' f nd 

10 812b, e ' ',".!' ' i' dee i r ;•■ 4 j ... .de deiutedea ver :do .ma a cieivciot SIS. hi an 
embodl>:i..-n-, '•• ir I, i o_ is implemented , . ii- to put oft-output 
(Slf?<. '! u ■ »nai'"> ..' [" .-ii ■-'• i< ,'. \P) decoder. 

Summcr 810a receives and sums the LLRs of the: received mfamiafion. 
bits, 1 ,LR(.r') r and the- extrinsic inform ah on from ddnterl*' r.r-r dec (v-hfrib is set 
15 to zeros on the first iteration), and provides refin. >.l i ,i < sv n • d LLRs arc 
an$U' .,'<>. ivH ! » -if.'h' n» >h,,. cce in the detected vahies of j br -< v,-.- '<■<•< ) 
information bits. 

Decoder 812a receive* the refined LLRs from sturjrner 8 10a and the'LLRs 
hob the received tail and parity bits from the first constituent encoder, LLR(jO, 
20 and decode; inr -eo-iv. d LLRs to generate exninsic information indicative of 
correct -sm'. ir b >• pn Lability values for the received 'icbnn.it i>n oils. The 
extrinsic information from decoder 312a are , me ,1 • i th the received 
m^c . i' ii hi) t'K- L>\ uinmer SlOb, and lhe refined I h- - • -.eied io code 
ii ei eas r -II . c i xle in ted ea ver 814 implement tin* code un.er leaving 

25 used at the Turbo encoder (e.g., the same as code in viI.mw. ;ihir WG 3B). 

De'O'der 8:2V:. receive- the irverkvo eo LUC-: i' r nS' •. ■ ee eer 814 snd the 
LLRs i'f die nvciwd ic.il and parity bits from the vocor.d e.-inshtuen: enudcr, 
LLRS 2 arid decodes the received LLRs to generate extrinsic inforrrtariort 
indicative of further corrections in the probability values for the received 
u.b>n ii j ' [ i > oi is >. oil umahon truce d> < «t i ' L , . ul I -m J ' 
dcue'erh ei 6<<\. eb--d n p'e» anv .j dei elebe^ n\>: -.<. hcJi ie oni" He' fief u,rv 
to the ,u,, • i , , ii « ,h t i,m use- 1 n ir i ieb- hM, 

'STIie • ice« vu.e ><l :'.v received v«di-.:' tn! I. LUs e. ih.-c!ed .i Tiuioher of 
ieues. With each irei.vii >n creete ..e a tdenci « eeoivd toi i «-• s fined LLRs, 
35 .After ail the decoding herabuiv. fv:.\e herj, «..veep".e-ed. the fine! cedned. li,d.s 
ne pi.'.v..ui-.',.l. I.. det'O-for h l \ ■•.'/€■,<::■' i.«r< idc-. >, ntue,- b ■ ■ 'he nveiver 
informcstion bits based on the LLRs. 



> 
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Other types of decoder may also be reed beside the 5"feO YAP decoder 
sixh as one tiiat. implements the soft output Yiterbi algorithm (SOYA). The 
!r-.:v,n Mir deooYr :r hps. Yd: Y-p •> idei 0 <io ihe « ,,nn.n ear 'iarpn .odin;: 
scheme ased at the transmbter. 
5 ts.rh^ ...rued-ip, e. s» iiivi, u presle: < el,. >! hy L .ioi.-:-e Y fh-0 r< >' n o to a 

, .1* i .h,!*,! 'I tl i I, r,i * ho. i vi 1 I', o . ir' ;« h Yp bHvod'.-f, 

letr-M ; i :< ■. em r I U 'O r <. ml id Sal eitite Communieati i >. s\ Vi Y 1 1 ',, . vY>. op, 23-1<- . 
which is incorporated herein hy reference. 

i . ■■■ C.pdmg Kaje 

Tim no tic-. r:d Y\K Y L.teht transmission cY-r :<Y en;; <j >■ uls r p,:i he, i Yj 
number of imormatiou bits per modulation, symbol id:., a particular 
Information bit rale) for a desired (eve! of performance (e.g. I % I IR). This 
ir-ii..e-m,'i.i do. Y: ■■■.■-.\*> may be supported by a number o' .n e i ,- ,mir M'O'nr 
15 scheme-. For example, « bit rale, of 'J .5 in form ei -u\ \;>> - ■ nodiuation symbol 
may be supported by QPSK, S-PSK, lh-QAM, or any higher order mo-.: . >. , 1u>h 
scheme. Each modulation scheme is able to transmit a particular itiimber pf :: 
: coded bits per modulation symbol. 

ITtependiug on the .selected modulation scheme, a corresponding #df%: 
20 rate Ls selected such that the required number of eodeel bits is provided for the 
number of information bits for each modulation symbol. For the aboves 
examp . YIYY., Yl-'SK. ,mi lb -QAM are respectively or ie to fjn.-rrit Z, 3, and 
4 coded bits per modulation symbol. For an mtorniatiort bit rate of Ye 
information bits/' modulation symbol, coding rates of 3/4, 1/2, and 3/8 are 
23 used *i> # -iterate ihe required number of coded niis Y; QI^K. •V-K, .«nd hi 
: QAM, respectively. Thus, different combinations of tnoduf alien, scheme and 

) i ii> t jt. "i* I ii 1. 1 support a pariicuf at . < n i »i f I - 

In ccj f ' , i r Y ments of the invention, ,< * I " keep, o 

high coding rate) is used in conjunction with a low-order modulation scheme 
30 :«.i< ,he -oppuricd d-l uir. Y.neuY' j -mY's, Y ,miih do e h l, it is Yoei ved ib.it.' 
lower order modulation scheme in cornbi nation with a nveaker code may offer 
;->ipkT porlorniLiii. ..• Hi. n , diets i :«!%•:,•«/ no >.ii An --diLise e ifh ,i ,i' < "'i"< \ei' 
...be I'lds ivsjj.I sn p o. ,op ,eee,1 n- to I !. -voe 'I he 3 IK dorndry, mrcrio of 
iunarv fY.h 0 eodis >> so POYdY eYsme! o nr;o uplmal he )de 'torhr 
35 OcaY i J;.;t in I Inn ".,•«« i i«, ,r In {,■;,•, u, f r,. „ ,< J t ;,, . nr ,. r j, : :.Y u fat,on 
sehen is.de t.pprod LYd men iss ,m: peo.«s.stes : . for each i-n« eiverl iriodnlaUon 
i.ymlv»l uod no I ijich nesee c !«0 Trs yeic.f L'Yt ri ,e:noi -no ilss : broherx H» 
viel.'l hi I l.p nvfoce d>r 1 a* einsry .mde sieo.sder. tv,,r.,. i; e.,- oOior is IcoO 
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during the break up |\;T>cess, ami leery; die hi.; dccocmvj onuses may result, rn 

i i 1 1 1 • iii s i 1 i r udc! mod: bad in- i iv .pone. Y> 

brent dm- pi'i nbol ahead r,.ay < r >.prrnr ce Ian A* du nmknp fos> and 
.renfo' • p 1 *'!' A- I' 0.- p • iliMi« ,M I- d. i I • tiipl «" rb " i i 'i'm . i i , ■ i i . uT i . ■ 
S counterparts 

l.i accordance w i th an .'. : ,p.„<ei < >:' i* sc en erne o., in noAr •., nebnin certain, 
spec run » ti > ). ,m > , code with a coding rare r<f del ween ,nn ; ii'-'i.>it >.* or, 
i.'ijh 1 1 1 1 i 1 hv- ii <■ e. i >.dih an appropriate n , ni a m» NAervc', edien u i.s 
d'.t- li'.j' .ii unon t 0nn hit- par nooi.bman s-, n.O,A aodina rs.:e may 

10 be easily a*, ban ci.l into a. bin! c-hA ,y... _ in nle A", 'hnbe axle h.mribvb 
above) in combination with a variable pi u, t ■ . > 1 1 < < A i. ! , i re a high 
i name vaW, ;hu t.ri and parity bits may be In-.iAlv penou-m:, and the 
unp unci tired lail and parity bits may be evenly dis nbutod over the 
inns hi,.Pl;'-ii. t'i.s. 

15 

I ■ Framing 

For many coinumnnication systems, it is convenient to define data 
packets {i.e., logical frames) with fixed sizes. For example, a sy stein may define 
three db AmA pocnrA ; siving sizes of 1024, £048, and 4096 bits. These defined 
20 data: packets simplify some, of the processing at both the transmitter and 
receiver. 

For an OFDM system, a physical frame may be defined to include (J) an 
integer nmdvv re OFDM symbols, (2) a particular number of modulation 
symbols on one or more transmission channels, (3) or some other units. As 

25 d e scribes I el >t. ■■. ■ e, b a t , i • J se o A ! '. >- ' 1 1 a a - '• a-> r i a. >. i M i . • ! = i >. r- >> A ■ ; ; : a< 1 1 r a > > i ni < :ah oi i l:i nk, 

the SNd ! 1 i 11 s.i i channels may vary n- 1 - its io < -v.- ]ik A' mi 

number of information bus which may be transmitted on each, lime slot for each 
tra»,s't,i , , . ,,, , , A likely vary owr ' i u* a d < u -i • S > > <• n .rnmation 
bH ie , f i n a, a' Pa-. - id also likely vary over time. 

30 In onr . >iti I -d i r i iei 1 1. a logical frame is defii i s a aich i h ;.i i ". is 1 1 tde pm den 
of Ih.e OFOM .ruse? -la.. Irs i..er- embt-.umem, tin mhmnaSion bis for each 
C'i ■ <! '!.'.« iir n<« »«b p<a 1 m 1 O aati ills.': ■ . i 1 .1 I it.r rue ! ,f i' 

vin.' ,".r"i i pH,.: aim mapped to modulanon i^eaa'ad-a in .ana .-nmie 
iinp'e'irejuain'.ui, lin. I v.n-ip^xdt > i al kaia,.a!> uie -.r.jrc alii utr i-.h^rud . The 

'i . i .d 'a I ^ n dn ' I l v> f i u. n ...an i!ai , i- < d - a . ■ < d - b e he 

setjueivfial order of the tra.raarnne.oo channels. A logical frame (i.e., a data 
prnkaib eav i J o 1r -j 1.-. ' ,1 ;nd and a i ran .i I ulai m , be«! •« «un.:.ba:ie In 
t'ii-. ii.^ph'M.t-r.laaru . the ,•>:>'•• •>! lai !«•.> naa.y span nrei den crie OR1M sy.rnl.iol 
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arid rr i,ri ; h' m.s^ < H-HM .-ym'hil hom.ti Vh n ce.\ v:r. ; j;Ti ( T- <Yi 

SVMi'.'O'i may ff< \wl< «. nr ru (ills u.ir i '•| ! i.i)m>|<« .• i* k(MS, 

III ,''."!' i 1 1 i.. 'A* t„- 1 * 1 1"' >. i < J : t i , i. • L l t . .i. h «;.;....,.;! fOH)i>.« i.- df I ' i I ! >J-V.l •:•!. ,) p 1 1 V S r 1 
unit. i ; ur exaopJe., a h.ayof r.n. << nuv fv debni.d i.i imiiM.1-* (I) ... nuui'vr oi 
l « niedula.uof syirJ.-tHs on un:ae Ov : iMr;i.-:-iOi t (idi'Sos, (/) :>*u- oi: ±j ore 

OFDM syuih <.>k or i.3'i a number o modulaiion syrribsp dehruo n sorro other, 
manner, 

"I n t . • i i ' d binary Turbo cod' 1 «' < 1 1 . * < > • m , !>b 1 1 1 1 

W ■'■.€':-< fvn<.: ii der i'- ai|'j-<-" 1 1 mik mo optima, t,t lm.o o'j.;i ifduuk'ti 
"I b< t ; ; . --''is i.i <>,U ■>, I iiifd'.tlation (TTCM) sdieaxt- , t , , <i < j - > i< <> i n ir < „' 
close to that of TTCM. The BTC-GM scheme also provides a high degree oi 
flexibility because of the ease of implementing d!»!<--reni i <>, rate r»> >tn.ph 
adjusting the variable puncturing. The BTC-GM scheme also provides robust 
15 perfo< • m j. i Td'svr.j <-n n i; :, .-v •«'.< pai -if o:*m e.'« ,'M.so. ,.u''i > 'U h ,i vapi.il >f.- 

binary 1 n b,v .JlxiiJs-iv. May he used, which may firrvph the i tpJ mt nl iKon of 
the receiver. However, in certain embodiments, other coding schemes may also 
i be used; and are within th« ^cope of the mverTjon. 

The foregoing description of the preferred ixidxHumeius is provided W 
'20 enable any person skilled in the art to make or use the present invention. 
: Variou i! h m os to these embodiments will be readily app :i -> r ' 1 

skilbv' ii ■ [;■..■ ar:, ar'd the n r i * - =t- i pr in ip!r-~ ..^mnl h. ivm n ■■:>■ !>■■ ,,p i] ,<<{ to 
other embodiments without the use of the inventive faaib- : . 1 1 u the present 

. v -*-i-m -i 1 -k ii hO ii> be limited to the embodim , 1 1 ■ *■ ■ ,< h'i i 

25 to be accorded the widest scope consistent with the prmapb.s riid I 

fe, t»M'i S«l:s. ! >-,];-.,) ].■!,..,, 



WHAT IS CLAIMED IS: 
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CLAIMS 

I )v a '.•,]<«•;. . J C- ohoi .', -i]<T: ••..!•! ;.V'-,tri 1 1„ ,j I r.OL.y.'d r pvj r.ys o\iu f' ,1" 
2 i rn,- ■ i l an a i.Cu:., io. of nv.n'-uti m d CTinch, wherein each 

1 1 Oh-innr 1 l- <■ p, ■> , U> lun'mmr. iv-.|';.!--/ ha • -< T| !!?"> i V* of 

4 ,lt ijll' A i ■ > '.y.lMul-, a '(■„•<• ,1 . ..u . ..rj, 

•:. I <r 1 1.' r ! '"'s (i 'i i i !■ ', 1 1 1 1 mber of information bite ■.mi i <■ < \ I • s I , i I ! n r > v ■ n i -■ o 1 
6 s up po r ted by ea ch I ra remission channel; 

i:_-(-"H.ii'', i ;;,!(•••! :dh!,"hi,n vl ! i ! < ,*ii-.m,is -,o , oinne' r-urr '! a! 

v - the dAui i': 1 - 1 oi.n-iVr of information bite per uioc'uin^on wnonl is 

suppurted, 

lt> den r« wi'c, r ,i . J j rate for each trarsin; pi,-, , ham <•': ha sod at least 

on Ihe deif; uii.'i-i i ,hm 'i of information bite } . , in ihihii h n ar<[ and the 
12 identified i' 1 '.ion scheme for the transmu-io* -h. > i 1 < ) . iv«n H least 

nvo It. i j ' i -i >'i . hanneb arc associated with different coding rates; 
14 en co din: a pluruay of information bits m accord, in*, e ^'ihs pTi-uiter 

encoding schemr ■>■> \ ■;•< >vide a plurality of coded bite; 
ISr puncturing lac plarality of coded bite in accordance with a particular 

punctual ig scheme to provide a number of unpura imad uded bite for the 
IK : plpraliiy of Transmission, channels; and 

c i J j Li -. Hi'-. hio puncturing to achieve the dfJie:v:-J >. •■:■,'.■>< ;., •:, lar at 
20 ieas two txaivsmissior channels. 

2. The method of claim 1, wherein t«ie wrc i ► •*,- »• Mft:nmr.\i.4.on system is 
2 a int'l- •] ■:e-in; ,h :i iiiltiple-oiitput (fvIIMO) system id , > <,i, > transmit 

ntei M m plurality of receive antennas. 

3, Tin i . i >t. n v, i . s <d,nm L wherein the wic l> v, .-, . , , t , ,n -, c-.t "i " 

2 an oil >, " ,. • < «f p, s ■ ', d-. is-, a nodolaboir{U 'l 4J j , -ilnn -.^>i; 

I S 1 1 e r , v d -• 1 •> ' , •• ]' <: I \ i m i . \ v herein the O * ' I - • Is, I « ;i » i - i i , • t « n i 1 1 , 1 1 ", .-s s , e 1 1 s i 

2 ..i.'.U^I i- ? i- ll<|'h' '< ; in l; • ■ .'l in », 4 i I ,1 | u"j'i,I', 

If,'! is.-; i: I .!;-,!'<- !•,!• d ; i 1 1 i : i , .d ; i\ nd'i (•■■■■;■■;■ ^nlonw- 

U-<- r:,i.>thnd r,| i'; t ,:n. y >•••: u - the- O^Ld'-d s.,,-1, "• > c r.'td f to 
2 T.irisir. ! ,.!.iti a :.. 1 1 : ,.- ; i iv ' f i 1 jiu-ncy .•■nilvh-mi nds, <m J vd'UK-ii' e.teh 
iidmxxmwjn channel corresponds to a ^paiiai jrilKliaaive! of ; irequeney 
•1 ,>uh'i hannol it !>• i. H-'| vy sv.ca.i, 



EH 1 -I "V y.'.'l'<l 4 . 



:;. I'lf i'!i4'iu.l cii' ir I. Vvin'ji'-'iii hp : nir«.t jri-iy k ba'-ed on 
2 t '..!. i.-i " -s, 'ri <.',; p. ti -iilil.il - 1 "J l! "." pi' U',|I i' , . ij .VrJi'- i v-'. j< H' . h,n m-ls 

7. The .unshod chum 6, wi iaraa< !h' Iran.anixd.. n cum b ; ! hies are 
2 , di.-jLU n"J h.jin channel -.1,'it,. it ;. u uiatkHi iisl) < («•: l • v . •; ;. for Ihr plurality of 

tran-n/ii" ■ ii It nniels. 

3, The method it claim 7 v> hen n 'h- o.J im In ,;i -lo- nb,<- r ifo 
2 {S2JR) n forma don !vr Aw olend i v of hnu'no f-.r,s« a., ahami.u*.. 

9, The ;!'.(:■ I --.jd t>l ahum 7, wherein -he CHI it Indi- in: . -i •; Mid >n related 
2 1o tr ans ausii on chara ct er is tics (torn tra mi i ant u t a t;.. .•• «o th_- rev a? '\> „•« terortaa 

.Ul The method of claim 7, wherein to- (.'SI inchioV;- i- i ;enmode 
2 infornv.ia..! . ivhrnd lo transmission characteristics from transniit antennas to 
the receive antenna*. 

1 1. The method uf claim 6, further comprising: 

2: v group;!!;, t ■, imih ^.ion channels having sinn » u.<, ,. iiasion capabilities 

to segments, and 
'4: \i: ! *■ h j.'-.nrr , is p. >r formed for each segmei it. 

.2. !'k: :v.ri. £i(u.i ah i: aim I t, further comprising; 
2 ; .v.;---, i n : :v v n .i i : 1 1 vf coded bi is to each segment .and 

wherein the puncturing is performed on the group of coded bits 
4 assigni < \ } <> i « 'i ■ int 1 1 

13. The method of claim 11, wherein each segment includes 
2 tiB nsriiissi- hi. <.. I lannehs I ta v : ng 5:2 R v.. i thin a particular SNR range. 

1 J I '.• « i'-- i , 1 in ! i ir n ' • i i » a a * < d - <a , i a" 1 .. > 

2 code. 

12. T'r.- riaLl'i'i. f;! ahiiif. a, vciim ein 2\c e needing pa.y.d, c . .. plurality 
2 of ',n! i'isi I nar.lv In I.- u.n ih piurnfliy oi Inf. .mini •,. i ban. and wherein die 

punettinnp n o informed • m Mj.- plurality hoi nan. parity bits. 



In lb- ri'ieti'iod . «- clairn 14, .,4,. -,•<.••-> the ptiiir tiding is prvh irra. d such 
2 Lli,r > J. !:[_<!. ~ ,-jsr •■ I Lb. p;idip bb .r.ppro-.m.^l.'iv rv.;nlv dMnKd.-d uve. 
buz: plurbip, o! iuf- >'t nwhun IbJS.. 

17 Tu„- meli,, ,rj ,,| .;'Lui)>. M. wb-n-ir, lb fiubo rode includes two 
2 constituent codes operative to provide two stream 9 oi i. ail and parity bits, and 
• Si! ■ vi h in- pi i :sr: i n i n v> i performed such that a f. <j •/< »n i; i < iy '--pi . a i iiin.'n of 
4 .-ji ,, ■ h , ( an d. breed from the two sir .-, tm i • "! n 1 1 , hi' • U ' ui 

IS. The method of claim 1, wherein the coding rate for each 
2 i so : I .-■ ! : i. b , : o r I. i . i? ;.< 1 . I sv ,.,•<„! vd f Pe > .- i . ••. ;i, , i > ■ >. 1 1 * u ' I ; i ;• i ■: <■ > I : i / f s ";. ' 1 } a fvd 
n/(nV2), where u is tire number of information hits xn t di b! m symbol 
■ J -iipj j j: t ed t ■, i;t e t: a re- t ru -v - :■ r > c i •• n n < -4 

19, The method of claim 3, wherein ihe coding rate for each 
2 transmission channel is 1 12 or higher. 

20, The method of claim 1, wherein the •..•aouinig is achieved via a 
2 con volution ill code. 

21, The method of claim L wherein the em oding is a. hi ^ > .1 -da a hioek 
2 code. . 

22, Tliemeliiod of claim 1.. further comprising; 

2 <t >i hn ,k o. • o 1" i '!,*., 1 b 1 • . i i> .Mbd 1 < | ii- -m , the 

plurality of transmission channels. 

23, The method o; h-im 1, •>,. i lh.i comprising; 

j i- |V- ii if.., . t b i i -me of the coded hits in fill m ,ii ,, b '•<■. ; ,,a ii d bit 

positions in the phudlity of tTansiaTOHion::elramielf>- 

24 ] he n.l lit d cdir. ; i, 'i;i tb-i »*on i| >< i < ig. 

2 in tor Leaving the plurality of coded bits. 

:■■>. I'lv; muhod i . r 'J I, vd •««.;••,. sr. Hi« [•«m [.!!•«?.,.., \ : ., (v-i hirnv.'d on 

2 ii\i:erie:ived coded b;ls 
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in. Hi'- I'uHhUC' <•( C!;.!,-: , ; J, i h;J e i i • Oi n\ >; i i " g {~» ,uTl:o.ajO VOJ ■. 

2 Turbo code conmrised of two a jistituent cijcle.:-.,. and wherein t : he plurality of 

information bits., a ploraliia, of tail and parity oils from a oral constituent code, 

4 and a plurality of tail and p;aao. bita fi ti a i .u''p.1 const 1 , u-n code are 
sep- ratdy ;i a. I • •» • .1 

"P i T jj < t a I i i ; ! i M. i/i.iim 1, further comprising: 
|:2t' : ii 'i i -a i. hi duvrv tymbols for the ph nfi of 1 1 m - U' - - i. .- 1 channels, 

vvhertdn each non-binary -ymboi includes a antup ol onoum onoJ :•< eled bite; 
4 and 

■n;-s p| ■ pa, <.-,a.ah n< ai -;.'?! i. r v y. r : i I >• a !« ■ :i «e--'pi-< b mod* aaiion vn oaf 

28. The method of claim 27, further comprising: 
2 interleaving the plurality of coded bits, ar.d 

wherein the nombmary symbols are formed from an- raorioaved coded 

4 bm. 

29* The '•vthi'd of claim 27, wherein the modulation scheme for each 
2 trans: j ii.". 1 ".!'! •< \ ctuirael is associated with a respective signal constellation having 
f , : a : pi lira, tity of points., and w h e re in each modulation symbol is represen ! am , , , t 
4 a parbc- :!*!•■ porn in ib- signal constellation fur ih<- >H-::.;h.hd-. M h-ae, 

30. The method of claim 29, wherein, the plurality of points in each 
2 dgnal cons fella don are assigned with values bawd on r- | ^r: u- d,i-' J .it. 

mapping scheme. 

31. The method of clahn 30, wherein the values arc av nm • i to ;!v 
2 plurality of points in each signal eonstellahnn such that values for adjacent 

> i 1 1 i i a r a.:-- :••! a,i i . i ) a .s'« •] lation differ by one bit position. 

32. The ifv'li-'C of .da m J. fi.aa.iaa: comprising: 

2 ajcpbi y ro , !n; p'i m the plurality oi '■>'>■ ro o m- mo aaanaah by 

repeating I he -T an •'»<,,«! a; To mmtb.a of ado"' ra ion b !., par modi Hal ion 

i mbol. die ah am Pm%. ( Iho in' ! .I.iioi ^rfami', and (do dpi cm a r inc., me 
:odinp rate. 



;>:> : : : 

h< -lit ib. ; i claim 1, wherein the n uluiduon sav*:m 1 u eai .> 
2 transm* >u > »,•!•: ..J m. "ports transmission of law or *n. m. ...... ed 1<*K -a 

m u j i i : . , v. <nhr.il, 

34. TJ-ir rticdif.'d ::: cUim 1, wherein the I , r>mr-.-.i; >n no k< fln-iinr o 
2 i" isn - i. »n . k mi, I , ,) r ii Hj I I 1m *•*< , I 1 ' • i;h t mm 1 i <h-\ 

35. In an orthogonal frequency division modulation (OFDM) 
2 comniutnuv i i leu * ji 'm- . I i , i an L» s >t la s; u<i * ji on a 

pka ifi , i>. U in i >"hannels, wherein each transmission channel > 

1 opera t-* nvni: nl: a -.vspective sequence or r n oniih » r.ii-«H* , ihc method 
compos nc; 

:S; determining a number of information b:K par n-.nirhnon symbol 

blip |>>" ifd : iy !.•",. rj. transmission channel; 
S vk-i ruivi:i.ui : ! adulation scheme for each ir;ni-mrht.>n duamel such ffiat 

Ike .determined number of information hits per i:M.i«ih>iav -yin >o! > 

■1.0:; :skpporte;d; ; 

determining a coding rate for each transmissiea c'uiiinel based at least 
"J 2 on the dclermu > ! -n i.her of information hits per modi hi ■• >n mhoi and the 
idenhtu d rno hLUon -.dieme for the transmission, channel, wherein at least 
14 : : . two transmission channels are associated with different coding rates; 

encoding a plurality of information bits in aco -rd-"uo.: vizi- a particular 
In in: i . [ i a de a plural ily ol tail find parity bits; 

interk,»vi!i : ihe . -h irality of information and tail and parity bits in 
.18 j<^-< >t ■■)■... • j i .1 j > rt ... 1 1 1, j i • ruca leaving scheme; 

punch ring the plurality of interleaved hits in accordance with a 
20 part < ■ , ' j. : ; i • . i . - o 1 1 * • ... ! . , « n provide a num 5 en t a o 1 1 pi > r.c.i s : a., i coded bits 

for tin- 1 it "Mi i, a m m i « channels, wherein > > i ein g t adjusted ' 
22 . ■ i 1 1 - t . i iU ij, rah s for thealieay t . • mi aa .- '■ 

forming non-binary symbols for the plurality of transmission charaiek, 
24 wherein ea cii n.o:i t-bs nary sy :noo >■ c..:.ku:.:o-: a gn tup of imp uric I u red coded bits; 
and 

26 i.ip 1 '1,1.^1 « i . *' -I'l- i ,-.),,*• a* a > ~» - i ' t ,,-ilj,!,, , n i 

-i-.. A wual.va .. r.rc.r n '.'ii-., i ,».•.-.! i in o| if.*, v h» )i.,nsn,i! da;a on , 

2 plur.i'iiv of ir. rrci a-aari elm nr. el-:, voaanan i ...... 1 r:.ir.-.M h r, r vm ml s 1 -*- a-v 

to r-.i;:;.!,.,!- ... .^srvilov .-a'u > m„t tec in" a if 'drj .1 ! o a -) .r.buio '.Ik' -a, ,MV<t, 

4 comprising: 
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nn ►■iio>-jt-r .'unarm, en h; = mi,'. ■.,;}>.■ j-.U. m' n y r<lr <iti>"«i rv4if-u bib, hi 
i ■Ku.'.-cui'!. V v>uf' '"i !.'<!• ii-l.-l «i ii.l.ii.; ,-> •iii-'ju - lit xlr- ,, piu;\: : iiv of coded 
bits., ...'J in porn turn Hk- iiiits- at i. , •■de..: hp. I i eoniincv mlh a particular 
o rirn.-i ru.'jrc so -« . .tic . • . it i , < i . a t ,] , i . n . | h , <J o,.... ! I., awihr 

pUtv.il:! y •„.[ lyinani'-ai.. .a diaimeh, bam: i .ac'; ' r. ic. r ii -.m< m chmrd Is 
10 pabl t ir i i i , . . irtieular numbci of mio; " » i pi I p mvcu linn 
symbol via a particular modulation scheme .selected foi cvai'ar.b.ann 
12 chain u I 11 I" ivrr ',. i. transmission channtri b tmdher a^ocbitvd with a 
particular coding rate based at least on the number of infon™ ion bits pei 

1 * modal a. no su i ,y •■] :ojppiirted by the transmit x.>". d'ai ncd ano iu iiaaurriuv.i 

rvherr.r \vl ere*"- fea>i two transmit on diannels ar: svd e. tlb 

1§ .different coding rtil.es, and wherci!' the era 'oca;- e. f-nba" o..>n. ilyered to adjust 

the punctuin , , u achieve the different coding rates lor the at least two 
18 hanhmissiondwmel?. 

37. Tiie system of claim 36, further comprising: 

2: by a channel interleave]' coupled to the encoder and configured to 
interleave the plurality of coded bits, and 
■ : A wherein the encoder is configured io puncture the interleaved bi is. 

38. The system of claim 37, further comprising;: 

2 a symbol mapping dement coupled to the ch,in n:i i-^ -beaver and 
configured to form non-bman/ symbols for 're phuahb d m ns s '-.-btn 

4 diaruaels,., and 50 map each non-binary symbol to a respective modulation 
i ■):>:[,. n- ;i e^ch af vi- binary symbol inch) da:- •! -a i m m ui a s punctured 

!S < ■i!;!.' .i>i.-' 

39. The -'vs: an of claim 38, further compos rtg: 

2 a signal processor coupled to the symbol, mapping element and 

1 1 'i i in i, <-i x i.' a r.< ■ ; 1 e • < o 1 1 d i r t * -n I he mod ulation - v i o t 1 o i i . I'o >" 1 1 :c p i i > < n h • \ o f 
4 tranriiiissit.fs .. hai.nda to naplement a multiple- in nut muifiple-ouipm (MIMO) 

l: 1 ":.!'!"! ■,']". V] ),,V! ,, 
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"*•-. packet duration. The AT's closed loop algorithm measures a packet error rale (PER) of (he received signal, and uses the PER lo 
_ ^ , calculate a closed loop correction factor. The loop correction factor is added lo the SINR value predicted hy the open loop, resulting 
in an adjusted SINR. The AT maintains a look up table, which comprises a set of SINR thresholds that represent a minimum SINR 
Q necessary to successfully decode a packet at each data rale. The AT uses the adjusted set of SINR thresholds in the look up table Lo 
J> select the highest data rale, the SINR threshold of which is below the predicted SINR. The AT then requests, over the reverse link, 
^ that the AP send the next packet al this data-rale. 
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METHOD AND APPARATUS FOR A RATE CONTROL IN A 
HIGH DATA RATE COMMUNICATION SYSTEM 

BACKGROUND OF THE INVENTION 

5 

I. Field of the Invention 

The current invention relates to communication. More particularly, the 
present invention relates to a novel method and apparatus for adaptive rate 
selection in a wireless communication system. 

10 

II. Description of the Related Art 

A modern communications system is required to support a variety of 
applications. One such communications system is a code division multiple 

15 access (CDMA) system that conforms to the "TIA/EIA/IS-95 Mobile Station- 
Base Station Compatibility Standard for Dual-Mode Wide-Band Spread 
Spectrum Cellular System," hereinafter referred to as the IS-95 standard. The 
CDMA system supports voice and data communication between users over a 
terrestrial link. The use of CDMA techniques in a multiple access 

20 communication system is disclosed in U.S. Patent No. 4,901,307, entitled 
"SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION SYSTEM 
USING SATELLITE OR TERRESTRIAL REPEATERS/' and U.S. Patent No. 
5,103,459, entitled "SYSTEM AND METHOD FOR GENERATING 
WAVEFORMS IN A CDMA CELLULAR TELEPHONE SYSTEM," both 

25 assigned to the assignee of the present invention and incorporated herein by 
reference. 

In a CDMA system, communications between users are conducted 
through one or more base stations. In wireless communication systems, 
forward link refers to the channel through which signals travel from a base 
30 station to a subscriber station, and reverse link refers to channel through which 
signals travel from a subscriber station to a base station. By transmitting data 
on a reverse link to a base station, a first user on one subscriber station may 
communicate with a second user on a second subscriber station. The base 
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station receives the data from the first subscriber station and routes the data to 
a base station serving the second subscriber station. Depending on the location 
of the subscriber stations, both may be served by a single base station or 
multiple base stations. In any case, the base station serving the second 
5 subscriber station sends the data on the forward link. Instead of 
communicating with a second subscriber station, a subscriber station may also 
communicate with a wireline telephone through a public switched telephone 
network (PSTN) coupled to the base station, or a terrestrial Internet through a 
connection with a serving base station. 

10 Given the growing demand for wireless data applications, the need for 

very efficient wireless data communication systems has become increasingly 
significant. The IS-95 standard specifies transmitting traffic data and voice data 
over the forward and reverse links. A method for transmitting traffic data in 
code channel frames of fixed size is described in detail in U.S. Patent No. 

15 5,504,773, entitled "METHOD AND APPARATUS FOR THE FORMATTING 
OF DATA FOR TRANSMISSION", assigned to the assignee of the present 
invention and incorporated by reference herein. In accordance with the IS-95 
standard, the traffic data or voice data is partitioned into code channel frames 
that are 20 milliseconds wide with data rates as high as 14.4 Kbps. 

20 In mobile radio communication systems, there are significant differences 

between the requirements for providing voice and data services (i.e., non-voice 
services such as Internet or fax transmissions). Unlike data services, voice 
services require stringent and fixed delays between speech frames. Typically, 
the overall one-way delay of speech frames used for transmitting voice 

25 information must be less than 100 msec. By contrast, transmission delays that 
occur during data (i.e., non- voice information) services can vary and larger 
delays then those that can be tolerated for voice services can be utilized. 

Another significant difference between voice and data services is that, in 
contrast to data services, voice services require a fixed and common grade of 

30 service. Typically, for digital systems providing voice services, this 
requirement is met by using a fixed and equal transmission rate for all users 
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and a maximum tolerable error rate for speech frames. For data services, the 
grade of service can vary from user to user. 

Yet another difference between voice services and data services is that 
voice services require a reliable communication link which, in the case of a 
5 CDMA communication system, is provided using a soft handoff. A soft 
handoff requires the redundant transmission of the same voice information 
from two or more base stations to improve reliability. A soft handoff method is 
disclosed in U.S. Patent No. 5,101,501, entitled "SOFT HANDOFF IN A CDMA 
CELLULAR TELEPHONE SYSTEM." This additional reliability is not required 
10 to support data services, because data packets received in error can be 
retransmitted. 

As a mobile station moves in a mobile radio communication system, the 
quality of the forward link (and the capacity of the forward link to transmit 
data) will vary. Thus, at some moments a given forward link between a base 

15 station and a mobile station will be able to support a very high data 
transmission and, at other moments, the same forward link may only be able to 
support a much reduced data transmission rate. In order to maximize the 
throughput of information on the forward link, it would be desirable if the 
transmission of data on the forward link could be varied so as to increase the 

20 data rate during those intervals where the forward link can support a higher 
transmission rate. 

When non-voice traffic is being sent from a base station to a mobile 
station on a forward link, it may be necessary to send control information from 
the mobile station to the base station. At times, however, even though the 

25 forward link signal may be strong, the reverse link signal may be weak, thereby 
resulting in a situation where the base station cannot receive control 
information from the mobile station. In such situations, where the forward link 
and the reverse link are unbalanced, it may be undesirable to increase the 
transmit power on the reverse link in order to improve the reception quality of 

30 the control information at the base station. For example, in CDMA systems, 
increasing the transmit power on the reverse link would be undesirable, as such 
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a power increase could adversely affect the reverse link capacity seen by other 
mobile stations in the system. It would be desirable to have a data transmission 
system where the forward and reverse links associated with each mobile station 
were maintained in a balanced state without adversely impacting the reverse 
5 link capacity. It would be further desirable if such a system could maximize the 
throughput of non-voice data on individual forward links when such links are 
sufficiently strong to support higher data rates. 

One approach to the aforementioned requirements in high data rate 
(HDR) systems is to keep the transmit power fixed and vary the data rate 

10 depending on the users' channel conditions. Consequently, in a modern HDR 
system, Access Point(s) (APs) always transmit at maximum power to only one 
Access Terminal (AT) in each time slot, and the AP uses rate control to adjust 
the maximum rate that the AT can reliably receive. An AP is a terminal 
allowing high data rate transmission to ATs. 

15 As used in this document, a time slot is a time interval of finite length, 

e.g., 1.66 ms. A time slot can contain one or more packets. A packet is a 
structure, comprising a preamble, a payfoad, and a quality metric, e.g., a 
cyclical redundancy check (CRC). The preamble is used by an AT to determine 
whether a packet has been intended for the AT. 

20 An exemplary HDR system defines a set of data rates, ranging from 

38.4kbps to 2.4 Mbps, at which an AP may send data packets to an AT. The 
data rate is selected to maintain a targeted packet error rate (PER). The AT 
measures the received signal to interference and noise ratio (SINR) at regular 
intervals, and uses the information to predict an average SINR over the next 

25 packet duration. An exemplary prediction method is disclosed in co-pending 
application serial number 09/394,980 entitled "SYSTEM AND METHOD FOR 
ACCURATELY PREDICTING SIGNAL TO INTERFERENCE AND NOISE 
RATIO TO IMPROVE COMMUNICATIONS SYSTEM PERFORMANCE," 
assigned to the assignee of the present invention and incorporated herein by 

30 reference. 
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FIG. 1 shows a conventional open loop rate control apparatus 100. A 
stream of past SINR values at instances [n-m], . . .[n-1], [n], each measured over 
a duration of a corresponding packet, is provided to a predictor 102. The 
predictor 102 predicts the average SINR over the next packet duration in 
5 accordance with the following equation: 

OL_ SINR^, = OL_SINR Eslimaed - K ■ a e (1) 

In Equation (1), OL_SlNR Pcedlcled is a SINR predicted by the open loop for 
10 the next packet, OL_SINR Estinmetl is a SINR estimated by the open loop based on 
past SINR values, K is a back-off factor, and <r e is a standard deviation of an 
error metric. 

The estimated SINR may be obtained, for example, by selecting an 
output from a bank of low pass filters acting on past measurements of SINR. 

15 Selection of a particular filter from the filter bank may be based on an error 
metric, defined as a difference between the particular filter output and 
measured SINR over a packet duration immediately following the output. The 
predicted SINR is obtained by backing off from the filter output by an amount 
equal to the product of the back-off factor K and the standard deviation a e of 

20 the error metric. The value of the back-off factor K is determined by a back-off 
control loop, which ensures that a tail probability, i.e., probability that 
predicted SINR exceeds the measured SINR, is achieved for a certain 
percentage of time. 

The SINR^^^ value is provided to a look up table 104 that maintains a 

25 set of SINR thresholds that represent the minimum SINR required to 
successfully decode a packet at each data rate. An AT (not shown) uses the 
look up table 104 to select the highest data rate whose SINR threshold is below 
the predicted SINR, and requests that an AP (not shown) send the next packet 
at this datarate. 

30 The aforementioned method is an example of an open loop rate control 

method that determines the best rate at which to receive the next packet, based 
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only on the measurement of the channel SINR, without any information about 
the decoder error rate (for packets of each data rate) at a given SINR under the 
prevailing channel conditions. Any open loop rate control algorithm suffers 
from several shortcomings, some of which are discussed below. First, a certain 
5 tail probability, e.g., 2%, does not imply a PER of 2%. This is because PER is a 
monotonically decreasing function of SINR, with a finite slope that depends on 
the coding scheme and channel conditions. However, Equation (1) assumes 
"brick wall" PER characteristics, i.e., a packet is guaranteed to be decoded 
whenever the SINR exceeds the threshold for the corresponding rate, and a 

10 packet is in error whenever the SINR falls below the threshold. Furthermore, 
the open loop rate control method uses a fixed set of SINR thresholds, which 
ensures packet error rates close to the target error rate under worst-case 
channel conditions. However, the performance of the decoder depends not 
only on the SINR, but also on channel conditions. In other words, a method 

15 that uses a fixed set of SINR thresholds for all channels achieves different 
packet error rates on different channels. Consequently, while the open loop 
method works optimally under the worst-case channel conditions, it is possible 
that under typical channel conditions, the method results in much lower error 
rates than is necessary, at the expense of diminished throughput. Additionally, 

20 a practical rate control method necessitates a small, finite set of data rates. The 
rate selection method always selects the nearest lower data rate in order to 
guarantee an acceptable PER. Thus, rate quantization results in loss of system 
throughput. 

Therefore, there exists a need to address deficiencies of the existing 
25 method. 



SUMMARY OF THE INVENTION 

The present invention is directed to a novel method and apparatus for 
30 adaptive rate selection in a wireless communication system. Accordingly, in 
one aspect of the invention, SINR predicted by an open loop method is 
modified by a closed loop correction. The closed loop correction is updated in 
accordance with packet error events and a target error rate. 
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In another aspect of the invention, the closed loop correction is 
advantageously updated in accordance with a frequency with which packets 
are received. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

The features, objects, and advantages of the present invention will 
become more apparent from the detailed description set forth below when 
taken in conjunction with the drawings in which like reference characters 
10 identify correspondingly throughout and wherein: 

FIG. 1 illustrates a block diagram of a conventional, open loop rate- 
control apparatus. 

FIG. 2 illustrates a block diagram of an apparatus for a rate control 
method in accordance with one embodiment of the invention. 
15 FIG. 3 illustrates a flowchart of an exemplary method of updating an 

outer loop correction. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

20 FIG. 2 illustrates an exemplary communication system 200 capable of 

implementing embodiments of the invention. An AP 204 transmits signals to 
an AT 202 over a forward link 206a, and receives signals from the AT 202 over a 
reverse link 206b. The communication system 200 can be operated bi- 
directionally, each of the terminals 202, 204 operating as a transmitter unit or a 

25 receiver unit, or both concurrently, depending on whether data is being 
transmitted from, or received at, the respective terminal 202, 204. In a cellular 
wireless communication system embodiment, the transmitting terminal 204 can 
be a base station (BS), the receiving terminal 202 can be a mobile station (MS), 
and the forward link 206a and reverse link 206b can be electromagnetic spectra. 

30 The AT 202 contains an apparatus for a rate control method in 

accordance with one embodiment of the present invention. The apparatus 
contains two control loops, an open loop and a closed loop. 

The open loop, comprising a SINR predictor 208 and a look up table 210, 
controls the forward-link data rate based on the difference between the average 

35 SINR of the next packet and SINR thresholds of all the data rates. A signal 
arriving at the AT 202 from the AP 204 over the forward link 206a in packets is 
provided to a decoder 212. The decoder 212 measures an average SINR over 
the duration of each packet, and provides the SINRs to the SINR predictor 208. 
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In one embodiment, the predictor 208 predicts a SINR (OL_SNIR Predlc , ed ) value 
of the next packet in accordance with Equation (1). However, one skilled in the 
art will understand that any open loop method, not limited to the one 
expressed by Equation (1), may be used. The OL_SNIR^ ediaed value is provided 

5 to the look up table 210. The look up table 210 maintains a set of SINR 
thresholds that represents the rrunimum SINR required to successfully decode a 
packet at each data rate. The set of SINR thresholds is adjusted by the 
operation of the closed loop. 

The closed loop utilizes PER information provided by the decoder 212 to 
10 determine a closed loop correction value L in block 214. The closed loop 
correction value L adjusts the set of SINR thresholds in the look up table 204 in 
accordance with the following equation: 

CL.SINR^ = OL_SINR Ptedicled +L, (2) 

15 

In equation (2), L represents the closed loop correction to the open loop 
prediction of SINR over the next packet duration. Adding L to the SINR 
predicted by the open loop algorithm in Equation (1) is equivalent to 
subtracting L from the SINR thresholds used for rate control. Because the 

20 correction term L is updated in accordance with PER information, which 
reflects the prevailing channel conditions, the set of SINR thresholds is better 
matched to the prevailing channel conditions. 

The AT 202 uses the adjusted set of SINR thresholds in the look up table 
210 to select the highest data rate, the SINR threshold of which is below the 

25 predicted SINR. The AT 202 then requests, over the reverse link 206b, that the 
AP 204 sends the next packet at this data-rate. 

Although the predictor 208, the decoder 212, and the closed loop 
correction block 214 are shown as separate elements, one skilled in the art will 
appreciate that the physical distinction is made for explanatory purposes only. 

30 The predictor 208, the decoder 212, and the closed loop correction block 214 
may be incorporated into a single processor accomplishing the above- 
mentioned processing. Thus, the processor may be, e.g., a general-purpose 
processor, a digital signal processor, a programmable logic array, and the like. 
Furthermore, the look up table 210 is a space in a memory. The memory may 

35 be a part of the above-mentioned processor or processors, or be a separate 
element. The implementation of the memory is a design choice. Thus, the 
memory can be any media capable of storing information, e.g., a magnetic disk, 
a semiconductor integrated circuit, and the like. 
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FIG. 3 illustrates a flowchart of an exemplary method of updating L to 
ensure the best possible throughput with acceptable error rates. 

In step 300, a normalized activity factor (AF) variable is initialized by an 
AT (not shown) to a value of zero or one. The AF quantifies a time fraction for 
5 which the AT receives packets on the forward link. An AF being equal to one 
implies that the AT 202 is receiving packets most of the time, whereas an AF 
being equal to zero implies that the forward link to the given AT is mostly idle. 
In one embodiment, the AF is initialized at the instant when the AT initiates a 
new communication. In that case, it may be advantageous to initialize the AF to 
10 one because the AT is receiving packets. The AF is updated at the end of each 
time slot according to the following equations: 

AF Wew =(l-/).AF ow +/ / (3) 
15 or 

AF Sew ={i-f)-AF 0M> (4) 
where: 

20 fe (0,1) is a parameter controlling a rate of change of the AF. In one 

embodiment of the invention, /is set to 1/50. 

Equation (3) is used when the AT finds a packet preamble at: the 
beginning of a time slot, or is still demodulating a packet whose preamble was 
detected in an earlier time slot. This happens when the AT sends a request for 

25 data, and an AP (not shown) sends the requested data. Equation (4) is used 
when the AT is not in the middle of packet demodulation, searches for a packet 
preamble, and fails to find the preamble. This happens when the AT sends a 
request for data, and the AP fails to receive or ignores the request for data, and 
decides to serve some other AT in the system. 

30 In step 300, the outer loop correction variable L is also initialized by the 

AT. I can be initialized to any value between L min and L max . L min , L max may attain 
any value. Exemplary values are cited below. In one embodiment, L is 
initialized to 0 dB. 

In step 300, a mode of operation is also initialized. There are two modes: 
35 a normal mode and a fast attack mode. The motivation behind defining the two 
modes for the rate control algorithm is based on the knowledge that an optimal 
step size for upward and downward corrections of L depends on a target PER, 
the packet arrival process, and preamble false alarm statistics. While the 
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preamble false alarm statistics are relatively constant and correlated with the 
outer loop term L, the packet arrival process is time varying and unknown 
apriori at the AT. As discussed above, data traffic tends to be bursty, with an 
idle state characterized by infrequent packet arrival, and busy, with frequent 
5 packet arrival. Consequently, the normal mode is used during steady state. 
Fast attack mode designed to recover quickly from long periods of inactivity is 
used when preamble false alarms tend to drive the rate control algorithm 
toward the conservative regime. 

The rules for determining the mode of the algorithm, as well as the rules 

10 for updating L, are based on the detection of good or bad packets. The access 
terminal is said to receive a good packet if it detects the packet preamble, 
demodulates and decodes the packet, and recovers a valid CRC The access 
terminal is said to receive a bad packet if it detects a packet preamble, but upon 
demodulating and decoding the packet, it obtains an invalid CRC. 

15 The transition to the fast attack mode occurs if all the following 

conditions are satisfied: 

^ < ^AMTbreskold > (5) 

AF<AF m , and (6) 
20 the two most recently received packets are good. 

In Equations (5)-(6), L^^^ is a threshold controlling the transition to 
the fast attack mode with respect to L. In one embodiment of the invention, the 
^ AMThKshaid threshold is set to OdB. AF ultr is a threshold controlling the transition to 
25 the fast attack mode with respect to AF. In one embodiment of the invention, 
the AF Idle threshold is set to 10%. 

The transition to the normal mode occurs if any of the following 
conditions are satisfied: 

30 L>L N ^ resholcl , (7) 

AF > AF Busy , or (8) 
the most recently received packet is bad. 

In Equations (7)-(8), L NMVtmhiild is a threshold controlling the transition to 
35 the normal mode with respect to L. In one embodiment of the invention, the 
t NMTImshold threshold is set to 2dB. AF BiKy is a threshold controlling the transition 
to the normal mode with respect to A. In one embodiment of the invention, the 
A? threshold is set to 25%. 



WO 01/82521 



PCT/IB01/00976 



11 

Upon finishing initialization, the AT waits for a new time slot. Once a 
time slot is detected in step 302, the AF is updated in step 304 using Equations 
(3) or (4), and the mode is updated in step 306 using Equations (5)-(6) or (7)-(8). 

In step 308, a test is made whether the slot belonged to a new packet. If a 
5 new packet has not been detected, the method returns to step 302. If a new 
packet has been detected, the packet is tested in step 310, and if a bad packet 
has been detected, the method continues in step 312. In step 312, the value of L 
is updated in accordance with the following equation: 

10 L new =^x(L oU -5,L trin ) t (9) 



where S is a step size. In one embodiment of the invention, the step size 
is set to 0.25 dB. L min is the minimum value that L can attain. In one 
embodiment of the invention, the value of L min is limited to -1 dB. The method 
15 then returns to step 302. 

If, in step 310, a good packet was detected, the method continues in step 
314. In step 314, the mode is tested. If the AT is in fast attack mode, the value 
of L is updated in accordance with the following equation in step 316: 

20 l new =mm{L 0U +5,L miX ), (9) 



where: 

S is a step size. In one embodiment of the invention, the step size is set 
to 0.25 dB. L max is the maximum value that L can attain. In one embodiment of 
25 the invention, the value of L max is limited to 3 dB. Once L is updated in step 318 
the method returns to step 302. 

If a normal mode was detected in step 314, the method continues in step 
318, where the value of L is updated in accordance with the following equation: 

30 L aw = min(L^ + TARGET _ PER ■ S, L mx ) . (10) 



In Equation (9), 5 is a step size. In one embodiment of the invention, the 
step size is set to 0.25 dB. TARGETJ>ER is the PER to be maintained. L max is 
the maximum value that L can attain. In one embodiment of the invention, the 
35 value of L max is limited to 3 dB. Once L is updated in step 318 the method 
returns to step 302. 

The previous description of the preferred embodiments is provided to 
enable any person skilled in the art to make or use the present invention. The 
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various modifications to these embodiments will be readily apparent to those 
skilled in the art, and the generic principles defined herein may be applied to 
other embodiments without the use of the inventive faculty. Thus, the present 
invention is not intended to be limited to the embodiments shown herein but is 
5 to be accorded the widest scope consistent with the principles and novel 
features disclosed herein. 



WHAT IS CLAIMED IS: 
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CLAIMS 

1. A method for rate selection in a wireless communication system 
2 comprising the steps of: 

determining an open loop prediction of signal to noise and interference 

4 ratio; 

determining a closed loop correction; and 
6 selecting a data rate in accordance with said open loop prediction and 

said closed loop correction. 

2. The method of claim 1 wherein said step of determining a closed loop 
2 correction comprises the steps of: 

determining a quality of a received packet; and 
4 decreasing said closed loop correction if said quality is bad. 

3. The method of claim 2 wherein said step of decreasing is carried out in 
2 , accordance with an equation: 

6 wherein L lum is an updated value of said outer loop correction, L olll is a 

previous value of said outer loop correction, S is a step size, and L min is the 
8 minimum value that said outer loop correction can attain. 

4. The method of claim 1 wherein said step of determining a closed loop 
2 correction comprises the steps of: 

determining a quality of a received packet; and 
4 increasing said closed loop correction if said quality is good. 

5. The method of claim 4 wherein said step of increasing comprises the 
2 steps of: 

determining a mode of operation; and 
4 increasing said closed loop correction in accordance with said mode of 

operation. 

6. The method of claim 5 wherein said step of determining a mode of 
2 operation comprises the steps of: 

determining a time fraction for which a packet is received; and 
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4 selecting said mode of operation in accordance with said time fraction. 

7. The method of claim 6 wherein when a packet is detected said step of 
2 determining is carried out in accordance with an equation: 

4 AF New = (l-f)-AF old +f 

6 wherein AF ttew is an updated value of said time fraction, L old is a previous 

value of said time fraction and / e (0,1) is a parameter controlling a rate of 
8 change of said time fraction. 

8. The method of claim 6 wherein when a packet detection fails said step of 
2 determining is carried out in accordance with an equation: 

4 AF Neyt ={\-f)-AF 0ld , 

6 wherein AF twu , is an updated value of said time fraction, L oU is a previous 

value of said time fraction, and / e (0,1) is a parameter controlling a rate of 
8 change of said time fraction. 

9. The method of claim 6 wherein the step of selecting comprises the step of 
2 selecting a fast attack mode if all of the following conditions are satisfied: 

4 L < L AMThresho!d , 

AF < AF ldle , 

6 the two most recently received packets are good, 

8 wherein L Mrrhmhoti is a threshold controlling the transition to said fast 

attack mode with respect to L and AF We is a threshold controlling the transition 
10 to said fast attack mode with respect to AF. 

10. The method of claim 6 wherein the step of selecting comprises the step of 
2 selecting a normal mode if any of the following conditions are satisfied: 



L>L m 
AF > A 

the most recently received packet is bad r 



^NMThreshold ' 

AF > AF Bwni , or 
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8 wherein L NMhreshgU is a threshold controlling the transition to said normal 

mode with respect to L. AF Mle is a threshold controlling the transition to said 
10 normal mode with respect to AF; and 

11. The method of claim 5 wherein when in a fast attack mode of operation 
2 said step of increasing is carried out in accordance with an equation: 

4 L nev =mm{L o!d +S',L^), 

6 wherein is an updated value of said outer loop correction, L ald is a 

previous value of said outer loop correction, S' is a step size, and L max is the 
8 maximum value that said outer loop correction can attain. 

12. The method of claim 5 wherein when in a normal mode of operation said 
2 step of increasing is carried out in accordance with an equation: 

4 L nev = min(L M + TARGET _ PER ■ 5, ) , 

6 wherein L liew is an updated value of said outer loop correction, L M is a 

previous value of said outer loop correction, TARGET_PER is a packet error 

8 rate to be attained, S' is a step size, and L max is the maximum value that said 
outer loop correction can attain. 

13. The method of claim 1 wherein said step of selecting comprises the steps 
2 of: 

summing said open loop prediction of signal to noise and interference 
4 ratio and said closed loop correction; and 

determining said data rate as the highest data rate, a signal to noise ratio 
6 of which is below said summed signal to noise ratio. 

14. An apparatus for selecting rate in a wireless communication system, 
2 comprising: 

a processor; and 

4 a storage medium coupled to the processor and containing a set of 

instructions executable by the processor to: 
6 determine an open loop prediction of signal to noise and interference 

ratio; 

8 determine a closed loop correction; and 
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select a data rate in accordance with said open loop prediction and said 
10 closed loop correction. 

15. The apparatus of claim 14 wherein said processor comprises a signal to 
2 noise and interference ratio predictor and a closed loop correction calculator. 

16. The apparatus of claim 14 wherein said processor is configured to 

2 decrease said closed loop correction if a quality of a received packet is bad. 

17. The apparatus of claim 16 wherein said processor is configured to 
2 decrease said closed loop correction in accordance with an equation: 

6 wherein L nm is an updated value of said outer loop correction, L old is a 

previous value of said outer loop correction, S is a step size, and L mjn is the 
8 minimum value that said outer loop correction can attain. 

18. The apparatus of claim 14 wherein said processor is configured to 

2 increase said closed loop correction if a quality of a received packet is good. 

19. The apparatus of claim 18 wherein said processor is configured to: 
2 determine a mode of operation; and 

increase said closed loop correction in accordance with said mode of 
4 operation. 

20. The apparatus of claim 19 wherein said processor is configured to: 
2 determine a time fraction for which a packet is received; and 

select said mode of operation in accordance with said time fraction. 

21 . The apparatus of claim 20 wherein when a packet is detected said 

2 processor is configured to determine said time fraction in accordance with an 
equation: 

4 

AF New =(l-f)-AF 0ld +f 

6 
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wherein AF new is an updated value of said time fraction, L oU is a previous 
8 value of said time fraction, and / e (0,1) is a parameter controlling a rate of 
change of said time fraction. 

22. The apparatus of claim 20 wherein when a packet detection fails said 

2 processor is configured to determine said time fraction in accordance with an 
equation: 

4 

AF New =(l-f)-AF 0M> 

6 

wherein AF IKW is an updated value of said time fraction, h eli is a previous 
8 value of said time fraction, and / e (0,1) is a parameter controlling a rate of 
change of said time fraction. 

23. The apparatus of claim 20 wherein said processor is configured to select 
2 a fast attack mode if all of the following conditions are satisfied: 

AF<AF Mel 

6 the two most recently received packets are good, 

8 wherein L^^^j is a threshold controlling the transition to said fast 

attack mode with respect to I and AF Uk is a threshold controlling the transition 
10 to said fast attack mode with respect to AF. 

24. The apparatus of claim 20 wherein said processor is configured to select 
2 a normal mode if any of said conditions are satisfied: 

4 L > L NMThresho[d , 

AF>AF Basy , or 
6 the most recently received packet is bad, 

8 wherein L NMImehold is a threshold controlling the transition to said normal 

mode with respect to L and AF ldle is a threshold controlling the transition to said 
10 normal mode with respect to AF. 
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25. The apparatus of claim 19 wherein when in a fast attack mode of 

2 operation said processor is configured to increase said closed loop correction in 
accordance with an equation: 

4 

L nm =rmn(L ol4 +5',L na J, 

6 

wherein L aew is an updated value of said outer loop correction, L oM is a 
8 previous value of said outer loop correction, 5' is a step size, and L max is the 
maximum value that said outer loop correction can attain. 

26. The apparatus of claim 19 wherein when in a normal mode of operation 
2 said processor is configured to increase said closed loop correction in 

accordance with an equation: 

4 

L ntw = min(L oM + TARGET '_ PER 8, L mx ) , 

6 

wherein L uew is an updated value of said outer loop correction, L gU is a. 
8 previous value of said outer loop correction, TARGET_PER is a packet error 
rate to be attained, S' is a step size, and L I)UVC is the maximum value that said 
10 outer loop correction can attain. 

27. The apparatus of claim 14 wherein the processor is configured to: 

2 sum said open loop prediction of signal to noise and interference ratio 

and said closed loop correction; and 
4 determine said data rate as the highest data rate, a signal to noise ratio of 

which is below said modified signal to noise ratio. 
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Background of the Invention 

Field of I lie Invention 
1 01»0 f 1 t'l>'--- n-wtt-nm ri-i-o. \ to communications technologies. In particular this 
inventing ' ! 1 i ,ih H , modulation systems havirc n i h i r *" on 

Description of Related Art 
[0002] Muhicttmcr modulation, or Discrete Mu hi lone Vh s!ul„f k-.m ( i !\1T), is a 

it; it ;m ..i, thod that is widely used for communication over difficult media, 

Muitjccurter modtiLm. >v, A •■::< k>- ; ue transmission frequency band into multiple subchannels, 
i.e., carriers or bins, with each carrier individually modulating a bit or a collection of" bits, 

A trai: mitt- " momii.iico on input Aoa Aiioon conloo' :• AnvhiT'in I -= i i. ,-, -n. h one or more 

. : is, c . bin* -:>i sulvh.:nuJs, and iransmits the moriubtci) mi'.nhiauon. A receiver." 

demodulates all the .:.nn<;^ m -rder to recover the transmit ice hiJ'nmuuoo bits as ars output 

[HlMAUl Multicarrier modulation ha^ many advantages over M?g>k c.urw nv.dulartion 
These adv. •> ;•.«»• nwbuk- rbi sample, a higher immunity tu imi-uKv m«se, a lower 

complexity i >..iinl).-;i(M.i!i h,_., hi ifL;, lent in (he prc^nc • Mivih , I., hci ■ hxuunily to 

narrow l.ua <| huct n r.c, „• hi yher data rate and bandw kh 1 1 n :.• s'bdiiy M 1 1 ! ti^irrier 
i j 1 1 ■ 1 1 . h n i , ' < «f. i i i ir ' ippl c.itions. to obtain - * d i - v I i t,<r 
other rc:;v ,, •, ' n, . if | I « mum ncftide Asymmetric D ■<, ! 1 1 ,;» | i , lk : AD.SL ' 

- ■* -t- -n , -« LAN ,i i,j n iv, r Mo > « n.mnini i;n « r ■ • iir. , other 

applications. ITU standard? (3.992 ! and AAA; -' aro! the A MSf Tl o i ; ^onA*rfJ specify 
4 t' Ctrj i ; i i p i f ! j f i j H ■ 1 1 • n I > «l it e, i I i j , t «. >1 n , .Onlo> ij . , , mval Inih 
j Of W ] f) i v/ r,.> c to i. j ! i i '. « »: : e ) 1 1 1 i i 1. 1 i a i » ;, 1 1 ! r i • 1 1 • o o e : : v A Aat u ;i n utsiku o I !>i l >. on each 
oAAinooA =: ! . of oo !,.ApeyAiio ■ tA. Aeieil li > : ;1 ' =■ -« £ '! 

soilvlimoef oA si* ■ Bit tiro a- Reo rBL'R'j ro.fUttvno ri «.vi* a link. Pot ex ooio if the 

required BER is f x 1 OA i.e.,. one bit in ten million is received in. error on average, arai the 
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SNR of a particular subchannel i.s 21.5 dB. then that subchannel can modulate 4 bits, since 
2) .5 dB is the required SNR to transmit 4 QAM bus with ii i x I0' v BER. Other 
subchannels can have a different SNR and therefore may have a different number of bits 
allocated to ibem a! the same BER. Additional information regarding bit loading can be 
round in copending U.S. Application Serial No. 09/510.773, incorporated herein by 
reference in ils entirety. 

[fM)05J In many DMT systems no additional parameter is used to determine the number 
of hits allocated to each subchannel. This parameter is called the SNR "margin," or Simply 
the "margin. 11 The margin specifies an extra SNR per subchannel, in addition to whal is 
required lo maintain the specified BER requirement. As an example, a DMT .system with a 
6 dB margin would require a 2 i . 5+6=27. 5 dB SNR on a subchannel in order lo transmit 4 
bits on that subchannel with a I xlO ' BER. This is 6 dB more than required by the example 
in the previous paragraph because now a 6 dB margin is added to the system. Another way 
of looking at this is that in (he example of the previous paragraph, where 4 bits were 
allocated to a subchannel with 21.3 dB SNR, the margin was OdB. 

fJMMW*] DMT transceivers use a margin to increase the system's immunity to various 
types of time varying impairments. Examples of ibese impairments in DSL systems are: 
changes in the levels of crosstalk from other transmission systems, impulse noise, 
temperature changes in the telephone line, or the like. When a DMT system is operating 
with a positive SNR margin, the noise can change instantaneously by the level of the margin 
and the system will su.lt maintain the required BER For example, if the system is operating 
at a 6 dB margin, e.g., 4 bits are allocated to carriers with 27.5 dB SNR for BER=l x 10 ', the 
crosstalk levels can increase by 6 dB and the system will still be operating at the required 
5x10" BER. Obviously the penalty for this increase in robustness is a decrease in the data 
rate, since with a 0 dB margin, a subchannel with 27.5 dB SNR can modulate 6 bits at 
IxlO' 7 BER. 

|0<H>?| Therefore, there is a tradeoff between the robustness of the channel, such as a 
phone line, and the achievable data rate. The margin can be used to quantify this tradeoff 
A higher margin results in a higher level of immunity to changing channel conditions at the 
expense of the achievable data rate. Likewise, a lower margin results in a higher data rate at 
Ihe expense of a lower immunity to changing channel conditions 
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iOWJjj C .:ni tWI vo.teiso. alio, ate u 'i^d niatpan lo ul :o.tvhaiinel:-,. For example, 

; \ I >S I . w i ypicnMy u -o ;i d d B margin Of) all Sttbchan rid • en no, i »p t! Hi \ bi l % f 'his. 6 dil 
,i a ear- is i e o '.it < h ill mI i li .-els and is independent • rli I [ I'nnpairnterH ibai dio 
neapiH <•- hvnu; i .-■ po .'-op. aioe sS 

SUMMARY OF THE J N VENT ION 

i • .t sy stems and m e ; . . m ' . < r ihi* m v vM . w 1 1 1 
hereinafter r< m-i i - ih n m , o or , or muki carrier modern:,. pcn.a o illy .0 iimikus, One 
such meiLan , i pn ih> • « I „•! s o ;■•.!>.. ;r>. i p" ;nr o 'I, t j I: mi »'[ he 1 1 h-O-s and is 
H downstrr;!iii" i'h .1 a .„eh.ral uhlce with which ti commurt icac«. I h> ; ilu: modsm is 
typical K |«k .ucJ ,.i he ..vrtUal office and is "upstream" f <n fh • h-i. hoi pi : ruses. 
Co tks isle mi with in.1u--.rs y practice, the modems are often referred to as "ATU-R" f'ADSL 
transceiver unit, ro:.n ee," ..*„.. heated at the customer prt-rro-o : , and ''A R AC" < ADSL 

transceiver unit, central office,'" i.e., located at the central office). Lach mo X m m eludes a . 

transmitter section An traiiMfitutis: data and a receiver section for receiving data, and is of . 
the discrete mulch- i.u* type, i.e., the modem transmits data over j nndi : phc : u of subchannels 

f inn i ted bar Iwulfh. 1 vpc.\liy, the upstream or ATU-C ivwu> Tu,. mils to the 

mm 4 tr\,m or A I A J- a, - > over a first set of subchannels, which are usually !k iik;if r- 
frequency subchannels, and receives data from the downstream or ATU-R modem over a 
second, usually smaller, set of subchannels, commonly the lower- frequency subchannels. 

(t)OlOj For example;, sn dtgilal subscriber line (DSL) teehEK log* cnmnnnii attonsover 
a I- ». i\ , J<;.t A i 1 1 uip ik i" .j central office and a sub-.cn A. r proao-os is accomplished 
by modtoaUpj. die An n k Au.. , rutted onw a multiplicity ..I .1i i re n, qu,, j < .aimers 
whkli ,.n; ', i 1 1 1 1 k J i l 1 im t i)sJ then transmitted over a s \ >- .'r u r Tin isKUviju.dly. the 

carriers f <ti 1 i n ft > i flapping communication >m|- lr i n< I vvindj ■, of a ! red 

tMir.f*'. kllli. i 1 Hl< n cl !li 'Ti.ss form what k eftecini-l) *rm i Ib.nnS , i . t - s f 1 1 1 j i i ■ uintr 

chan el \t the ;<\vivi i'n.1 fh - . -srrierF a.re denn a«n v> i> dn>i in -i tu recovered 

HifH i'| DSf. > -pa era-: expei :eneu tii 'a ».»:':»;< jsoe-, i'roifj oliii/r Aoo '-cr^' cc:s on .iridio-e^: 
i»;,..r;i- liru>„ mj. I, .is Ur. vv, r. V k ADS! , HI'' Si,. !'v)K, I'l. cm die like. AildiUon-iUy, i)SL 
f.vsle:' i', Ti j*, e yv:-i i.-Hce disturbances from impulse noise, crosstalk temp^iHtnie .. h o««_o : , 
or the l»h Me i- nrh, %« muv ... -rnr or i .» I » h. .n j t I « I , i t i already 
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initiated and, si.nct* DSL for internet access in envisioned as a alwitys-oii service, the affects 

i.-Hu.-m- dkliirk<m c (n.rdd ! ,r Poai !:v (In ,u! >|;m < L»St n an-ceive Vldihonally, tin! 

ki<<; h - 1 1 1 i .ilt in. I',,- is « cvpe -d n:-ii s nt id n * „n * "n> <> n>a A.PS! ;-'.fo scribe r to 

r.1 no: h -.■!'. i c hoci o.u APM. i ns-i .ill ation to another, nr..:! d-n-i b-rc has in els ci cr ihr 
ADSL iiM>dein iveifoifiiiiriee. 

[00 1 21 1'he ".v-teiVi;, end .vieiimd-- el' this invention ullnw die nscyjn m a 1 :?-,..: ic I c 

1 1 .1 1 1 1 1 1 i'! i t m ! 11 L»i .• 1 1 > , se >,n 1 - ;• vary depending on a typ ■ >> m \ in i»l 1 '"I t 1 - 

impairtm n. can l<> . ,ic > > . r , some duration or from rare iruaaJlai i. m n> ancahef Thus, 

different ii-.;'.i.:. ! :t;s >.an be ass. r-nedto one or more of the ;,.'-i> r, j r . ,» .!■ ,„ t>. > 1 nil In lone 
1 nod si ! at i 01 1 cs e'ciiia'aC'CiCirj •yvsic-r- 

[0011| A> nc.K'.J •itv^.e. t.".ac is a tradeoff between the rnhH-a-Ksv ,<f ih I'm-, uittl thts 

achievable data rate, b.y a higher margin, a higher level u! ,n -d> i:> changing 

channel conditions is achieved m the- expense of ihc data rate. Similarly, while n lower 
margin may result b: .« 1.4 ki data rate, the immunity to chaneiru;. clu'iniel conditions is 

■rerluujd 

|00I4] Howevei viiin : ; she margin equalty for ail sub channel*, at least fail hj ace. jnl 

hr ; r- >paa 1 >*crHa <hat change over lime and how the impair r.cac ms< Lev ddL'-ninf effects 
on subchannels at iid] n^n I 1 inciu-ies. For example. lei fer.-r- n .Jianee?. and line length 
effect different frequence:-, with di tiering degrees of interference. 

10015] e r cut , < 1 1 h pi. .'1 invention relate (o a toii.ti nttn J i " 1 v. stem having a 
plurality ot iiiarcins. 

jOOkij Aspects of ihv precenr ineerMice aba:- «abaie-: !.: i-. rmuhmt A ::^se.«iM'!s. ! . r pfwralfo. 
of margins to a communications system, 

10017] 'Vy.a J s • r thi-, « s. • -,i invention additionally relate 10 'a car: 101 r .o<hiiufn't, 

'■■y^eins utal iucrhrv.fi be drdercre nccriiss p; be n>--i vine! p.; Saicrenl -aU-cbi,eaH;ls to 
ac.-n.ira. foe vary ma. 1 r si par mart a 

1 001. S J dLoA and mhu' tensure-- and advaanisre:. of this nneaikni arc tiis.nl cd in, or are 
rppeccrsi. iroit! Ac bAbnv.v.e decided dc-.cnodoti of the ernbodirpt rits 
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lmi9] Hit .-r..U .Hi'vk " ,f t.-.e .it . m «• wsli he e, t d m U I « I • ,< , >,-<;.■,<, to 
Mi, I'.tlfcv. i oe U;:,'Oo. '" ! " herein 

|ftJ}.!iff h ! , • in ,u • . ,1 1 1,\ i 1 , i i'I'i.i -t uv '« r ; in r' i.lcm j ! .1m 1 
in ilii'. * ; i ill! in; .uid 

[0021 J 1 he 2 is ;> fi- bit'S outlining an exemplary meihue ;or ,v- v; ; -,in.-.i ir^spie. 
iiccorduv;: l*. ne, ire-mi i. >n 

JJLliLViJJJli^L'jiJ.l^Ji!^ !ll QI?;Lf>„vi A[nn,N 

[002?,; In an exemplary embodiment of the invention, the nwci'i i,j '■-■<■ different 
art at teas! tw: . -.uIh haunch in a discrete mukitune modulation system. In this exemplary 
embodiment, subchannels which arc expected to incur greater van. 1 ! i;?n-, in cuiusrmenl 
tevels are set to have i in;-! M-r margin, whereas subchannel whe.h -h.. e\ : v.. ■.- re< \ io incur 
lower variations in impairment levels arc set to have lower margins. As an e simple of this 

embodiment, cunsee-i Af>ST transmission system transineitiee data overt lephmie wires 

and consul. - it ie -vise where 'he impairment is changing ehaitne 1 . ■ .< h'.:< <hie so 
temperature flue Uuii mil-, Si-:- e telephone wire is typically made out of copper, the 
attenuation, > - ; „ ■ i i i n n< k^s c haracteri sties will depend on the temperature of the 
wire. As the tempest ue of die wire increases, the attenuern e», i.e., die in sen ion io.--.. v, dl 

eo 1 „ I tiihi (ii <i die insertion loss also varjes with frequern > .-, Mn- temperature 
i hull"- Mi r esc, i Ik i mperalurc increases, in addieee o ■■ v» •.•>,'<. i :ri hich ;,y in 
n em,.;, hi-.., da ma men. , - ,it The higher frequencies mu c .so n>-u nam Use insertion 
loss a! the lower frequencies ) urik I *fimv.< a u >i relates ei fieoeern.e vc!>.u> in.sertion loss 
of ar» exemplar; I vMnt h k av, J 1 Sine at various frequencies fa, 7OT and 120°F 
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TABLE I: It. |,. . i l -ou it 26 AWG tine versus p • ,« .'( ,« f vJ I nl 



[4)03 3] Frnm 1 bl< I u < 1 if -t em tbatthe difference .: ^i-.-i n< m, 'JO°F to 

?CfF is 2 J dB at 2D Mi,-, whereas the difference in insertion km ffom I2()°F to 7CfFis6 dB 
-n I H:(r 1 1 1 / fvi i»m, r.-x,-rriril;n \ embodiment, a higher margin could be allocated to 
earn. --, \, ,•,<',„ i > ■ , ui. i ■-. a lower margin a) located to carriers at lower frequencies. 
For example, the carrier at 20 kH2 wiil only need a 2. 1 db rreopm. because even if the 
temperature change;- from ''tTp to I2CF, the insertion loss will only change by 2r1:dB : and t . 

as a result, the sys; m, M ..ni.->; rate requirement can still be met after the tempi vuure 

change. Similarly, die Lirvicr id I 100 kH?. will need a bdll m.-.npn. M'\e as the 

mure hat' pes twin 70"b to 120°F, the insertion loss will cba.i:''- I»v h <}ii und, » a 

result, shi. system bit error rate requirement will still be satisl'u'd <, v.-u ;-\'u-\ i e nperature 
:cllSrige>7 : 

|0024 j However, it is to be appreciated thai the margin is n< >! al located to each 
subchannel in a Wd m inner out rather varies based on the expected change in 
inipaiR.n nt ,„•] rime ■>', an impairments vury from one DSL i retaliation to another. 
Hou.cr mil is. m (i-i,.i \n ih- povsibiltty thai ditTereni i ■« iinn.'i' -u 7.ivc the same 

ntor.citi :i'^j.l:::cJ v..< sliein. IW c sample, a subchannel ma*, i, *t ■ « iiaitt in it resigned 

L'!..i< i' t p I i <<i« mil *7 vvhife another -uibchamj- 1 no. ■ " -«o il» ,in«, rt ..i/r 
as.s.igried bm,rd i >u another oo< ',nnvic ! m I lorn; onprnrmeo! : . cue menjcie, but are not limited 
to, ehangc: ip i.!i.e levels of cr.«-4ulk I r-- »ni oemr tneiomo ion ; y.ocm. nmxtoo noise, 
mroperatno.' e'luumo. Inn- Uu**'ih mini oomieioy reieoorrenes .mel mlao -r-yivo..., «..$ the like. 
As a juMiti, for example. on« e certain ,alo aam.eh trr nut oi i h bmJctie t i rr. i common 
ntafiiire lire overall daui fete oJoiIh; system cart be irsooooooi vvutnoul saoificirm tiie 
robust lies;-, of the system 



•J* 

[111)25] For to ample, iine a iir ee tea-ace in Tahlc 1 . by l/o/ntte ihr Hi./ 1:111 of 'the lower 
a- triers from 6 «:1B 10 .2,1 dB. [.lie «. haiiool eIao< rate has r increased. This increase can occur 
*.<ln.m ilri <a itM mh in i i'-.,-v;u r ' ii.iHim 1 j » 1 !« ,i r . . -he k'v-.i 

I'r.'.jn <;: » r •_• I - ptible co temperature changes th hi net ireooen r< <, Ji, 

^ern/i'i! lht: <y .1 l- Iti- . am* qi/i «n m>, < h iliis m'.euh. 11 /nu ii. a,.iaple:1 fn ; e , , ! 11 ' h 1 J i .• V,r 4r,y 

impairment thai varies over time, or is mstitlhtion based, and may, for example,, effect 
differed faopic 11c sea ; s ddt'eosa oay:-. 

A' io'iud'M'f 1 «.; i»i consider crosstalk from aroilx-i eo,, one. aam ,y» stem. If the 
urossiatkmi." rs/norhssjoii veoerr ts known to use only a porruo, m ih : - trc^oency spectrum 
li'iiv.i I \i'y 1 >.«.. '»>, 1 nhir ir, noluialion system, tilt; iix huh yins cm tv decreased on 
the earners thai aie known m be outside the frequency spectrum ol she ei 1 k 1 i>g system, 
For example, [SON systems are art e\ampk of a crosstalk source for ADSL systems. ISDN 
systems typically transmit only up to approximately 1 50 kHz. Thos, for example, 
Employ tttg the teachings of this invention, carriers above 1 5(t SJI/ 1 ; »n operate at lower 
margins in an carriers below 150 kHz where the [SDN crosstalk is present, 

(0027) As anotJv: pie {he margin in an ADSLswem mm be varied depending on 

the length ol the telephone wire, Table 2 shows a relationship of insertion loss of an 
exemplary 9000 ft. 26 AWG line at frequencies for ?0"F and 1 2GT. 
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[H02K1 Campari im ToNe ' an-d ! ol o-i- ; ir r-. annai our thai r.n earns so 111 0:000011 loss 
d-, hoopc rat life as creates defao'acs ,:<:: she it net h m the O' ley boat: I * ? •=■«:- :.o wo!! ; hro. m, ibe 
exemplar; *•,!):;•:§ ti. aha.ni; hoc. a 'hj"r aaojaoaiare , h:.o.ac remits os :tn mo rape m'only 2.8 
rtU i/comse or i»v; : i laoa. < m tin: i h,:*<Ni ti jh/a.,, !„•.» ., a ath'P mm. sous.. »/ ch:uoV 
o:a«lra:l ii'i sa'i no,.; roue of a,„v dij jucrou.se m insert ion toss. h,o hos ilhoti'aho: example, the 
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margin on the subchannels is varied depending on ihe length of the phone fine. As an 
example, iSOt'ic pi one lint- Is dse<fa.r, ,..a., : kOpe ir , die -ye-..aoee n ur-iin car! he decreased on 
tin- mrcnaimeis i\ 4 , ! -,:.S: ! .5 cjH a- •■:.< •ni| a: a, a leiaa-r I *i.. c .:'ii.J fi |o<»|i vdibom 
•"'.Til it iris;, iromiimlv l.< noy,cerau.M'e chances uf» rfn- nhwiie hue The-, o rn>:-.Mble because Si 
I. > u pit ii 'ih m [ ciice as much nt im n n <i ft ' ju> 
har.peruuae . rancor a-» ,i iu :r.er phone line. 

fjW29] fur hi' <i , t r i • t example, the margin allocated <«,. r|. r u s 1 , n ,r.n i , ' • 
into accotttrl » > - u* a < > 1 to length of the telephone I • V in a ample, the 
insertion So-*, ds Oererue in-m 70 n F to 120°Fat 20 kHz is 2.1 .in ha ik- iVan; fi line. On 
the other hand, ihe insertion loss difference from 70°F tu I 2rrr.n 20 kH; is 1,4 dB for the 
9.000 ft. line. T hereto;-.: for this exemplary situation, a margin of 2.1 dB would 
allocated to the carrier at 20 kHz, on a 13,500 ft. line whereas a margin of 1 .4 dB would be 
lilK'cjfci to 'lie .'„r:-i<v ai I' 1 !) kHz. on ihe 9,000 ft. line. The immunity Lo temperature 
variations on the line would be the same for both the system:: cy.-, -urn; :>: '4, in m ft. and 
13.500 ft. As a result, the overall system data rate can be increased on shorter lines wilhoul 
sacrificing a Joss in robustness. 

JfUVMJj tae. i fiin-ir:-:..s an exemplary embodiment of a nvM-:nnic; modem iOOc Ifi ■ ; 
particular, the m pi tic artier modem 100 comprises a controller 10, a memory 20, a discrete 
mult ttone e j i • 'du|.-.i nai v^stem a data rate determiner d0, a sit-r.ai m mat i it a > determiner 

50, a isio'cu i.l " i mint i t O 1 a margin storage 70, ail interconina - <l n> lutk The 

muhietuii r rn ■ i • r 1 i i* il' »„ connected to one or more computer or computer-type 
J , 'i c '"'( i I a I. lit i in, .i (not shown) via u inn mi in i . lim H ' . • a.se of 

hat i-.u n tm 1 1 u I ' i 1 1 1 » i i, ii "i has been illuMum * in 1 In , u r„< u n'nul with 

inh hecoinpni iii ni.'i-:l".i he exemplary embodini<ai! .-I mr, invention. /Uatoiiiiic' 

ittforniation .»v\ laoher .ia-arn^iort of the operation a»:nj stmt Hire of an e\e cedars 

rrsuliicarricr nm m can h nmn 1 in copending US I ' \ > k if am ' I No.. 

09/4 85.6 14 rnntleii "SfnHci v:-- Mahicaoa! r nlederre" ineca peraaal heieiu he reference in 
its eat; ret y. 

[WW] Wink i.la. co. mplarv ernt'K sincere lihiMoeeu h1 i i e*. . I i-shoea-. the muttK'artier 
modern 100 and venous components eotfoealed, it <:s to be ^pprecbied that tfie various 
cooiponefHs of the room ones a r morleoi rem he rennrangt land located in whole or rn part at 
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an ATU-R and/or ATU-C. Furthermore, h is to be appreciated, that the component of the 
rnulticarrier modem 100 can be located at various location?; within a distributed network, 
such as a POTS network, or other comparable telecommunications, network. Thus, it should 
be appreciated, that the components of (he multicarrier modem 100 can be combined into 
one device or distributed amongst a plurality ot devices. As will be appreciated from the 
following description, and for reasons of computational efficiency, the components of the 
multicarrier modem can be arranged at any location within a telecommunications network 
j nT or modem without affecting the operation of the system. 

[0032] The jinks 5 and 10 can be a wired or a wireless link or any other known or later 
developed element^) that is capable of supplying and communicating electronic data to and 
from the connected elements. Additionally , the computer device 80, can be, for example, a 
personal computer or other device. In general, the computer device 80 can be any device 
Uutt uses a modem to transmit and/or receive data. 

(0033] In operation, the multicarrier modem 100 is installed, for example, in a customer 
premises or in a central office. During this installation, certain fined quantities such as line 
length arc known and can be stored in the multicanier modem 100. During an initial 
installation, or at any .subsequent lime for which a redetermination in margins is appropriate, 
for example, based on an increased bit error rale, changes in the signal to noise ratio, 
seasonal changes, or the. like, the controller 10, in cooperation with the memory 20, the 
discrete multitone modulation system M) and the margin determiner OO can determine and 
store margins. For example, as illustrated above in exemplary Tables 1 and 2, margins can 
be determined for temperature fluctuations and the length of the wire line based on, for 
example, the actual installation and historical data. Furthermore, routines can be established 
by the margin determiner GO to evaluate and compile statistical information relating io one 
or more earners. For example, this statistical information can be compiled during modem 
idle times in response 10 impairments seen on the one or more carriers. This statistical 
information can then be used to determine appropriate margins for one or more earners.. 

JOOTt] Alternatively the modem may measure the noise on the line during idle times 
and determine that a particular type of crosstalker, e.g., another ADSL or HDSL modem, is 
present. Since the spectral content of these types of crosstalkers are known, this information 
can be used to determine the margin. For example, if the crosstalker is an ATU-R ADSL 
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modern in en if is 1 ie " a Tit U r -K ADSL n oeir- no, .' ,.| *( -r • • m-m h. i<» th-. 20-1.30 

M [/. range Tins .,id.>'t- .ii.-n • ,n h, •>■•-,* m Ln r < ,L iMO-m i.u ih,- . i»n. r n, the "ill 

.-0 IT*!/ ^tuMtucv otsosc 

[00351 Altci iir.i o.% :•, . .j pre k'fmdrted set of margin:-. for ext. am!, • tnr \inas n 

Hi;* ill Hi'.-, i -. .."i'i I " lit'". I 1 .iL„ .'.,1 ., | < , ,1 ,.l Ah, ^ i t'H'illl "! u'Im.1 

foeaiRin ill- .> ;•. «n>«t,iti ii h network. The i',tn ih I i i! .'I i 1 m > n 
are )lii 'i , -i . i» 'i. . i ii hi h 70 Similarly, gro\.(^. rd,-< yi.i- , i h - ,u icd L.s,. t 
eat., i ir i I' i fin i«<1"-m iti ,ji seasonal uifinnut i.'i line h tviU im irr umimi, or 

the like. 

AHAif.[ 1> Fiii!' in :miK : ' ,,/rhe mu It i carrier modem 100. ;!u '--.'-'l!-: .u-«ci M.n-.rr 5?}, in 
cooperation e. i . t v • Dent roller it), the memory 20, and the DMT system 30, determines the 
:S3|»al:to lis.?/:;;.: nu«o oi in,; cm m'i* Knowing ihi; signal it- no>-c ;«l i<> .-i lb;- i",rii;-rH, the 
data rate determine 4r'- foo:rimtres the raw data rale of tht osiT r-. ].;;.->. d m sin- signal to 
noise ratio and the bit error rate. This data rate reflects ihe <Uvr. .- ,j i e of carriers with no 
'margin; - '' : 

(4M137] GenenA", Ac on <-:7i.i rate is set in advance, for -. • s : a a i s : 1 ■ ■ . ov :hr '-.arndachi:* ■ . 
Atkliliottftlh hn ,',»»;» rue vemralty governed by a rantv ' K ,M is. foi <"«.aii:i|<ic, yua; asm < A 
as a maximum, by a DSL provider. Therefore, based on the set bit error rate, the signal to 
noise rain* < ' -a 1 <ni,Hitity of bits can be determined. 

|IM)3XJ h. in i . ' u> noise ratio, the margin t> i 'In m< - u h- n..t. for 

x iRpie, h; t :-u-d ■:>•■ in i-hir;:. <a i .,| i il«i«:-( i sni of. ..." -I t •« ----J. i"ift.'ii; <0 T.mTnmsed ontCfift. 

I . » e x. ample , 'i t n i i i j i r I I « i J i r I i i i i 0 A. ; ! a i e r r « » 1 1 ed c r i ! en a can 
be, for example. Ai-,ed .-n Oao.Ard 'C" ! 4^- r.u.ifx venm. irfoaaeitian ih.it can,, let •.■\.>>. n> >k, 
be downloaded from the service provider. Alter wi'vely. for -.. \nmpte. ttv tn.tf-iias can be 
set h, „A i.c h',n. i ii i ii • d> r - I aes to, for e\ampie tHi|.„ hi i n die imc <- s -ik-> > [ 
the rr f . .vin- can be se<: suco "m» , ; iLii,,'! n ih.c dies rstc , - : i-h. n i . in m. ii' 

immunity is maximized, 

|iiO.*V; 11", is«k« ic'iij-i rd 'Se <i,j"yias In, : ,r i;-,rr. th,. - » le; 1 K <-"*■ mil ill n an ,es 

in the DMT .system 3d. The niarein;, can i.ticn ii.« sei.aiacs,"c! (rum the carrici to iletermine an 
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updated data rate for each earner. Having set the margins-, and knowing the data rate, the 
DMT system can then commence communication over the communications link 10. 

[0i)40] Fig. 2 illustrates an exemplary method of assigning margins to carriers according 
to an exemplary embodiment of this invention. In particular, control begin* in step S 1iX> 
and cimimucs to Mcp S I 10. In Mep Si 10, a determsnatio:. ss :wnw whelovr Jiwrgins are to 
f i > rs.n". n lj ]i >j. n n mi hr detennined. control comiimes to " j >' Otherwise, 
control jumps to -ice Si 30. 

[(MM1 ] ,n ! p S I l l >. mi- h' uLin.s are determined and "<-- -d < • a , I d « r, minuet to 

[WI42| In. step S : J o the signal to noise ratio of the carriers aj • n a i f .ext. in 

su j • S 4< », the raw data rate of the carriers is determined based or it.'- msiiki: (•-> -U/ise ratio 
;md the bit error rate, Next, in step $150. the margins lor Uu wniais ,nc wo k-ved. Control 
rht'si i rcfij-iues to step S ! nO. 

| IJD43] [n s?-.-f. S h.(\ the martinis for lite carriers are set. Next,, in step SJ . ; t.i. the ir.ao.iia-. 
are kublracted tram the t arriers to determine an updated das.! rate for sMCh earner. Control 

.(ten cotitinues;:to: «tep S 1 80. 

|IH144{ In step Si SO, communications commence. Control then continues to step S 190 
where the control sequence ends. 

JIMJ45J However, it is to be appreciated thai the steps m hi;. I new! nut uicur m the 
order illustrated f -r i unpl- i« any point in lime there w <>H >< minr. determine 

ibt; margma Ni>in!;>r;.. h:iv/;l ,, tor tw.Miip-k-, tin- umv •■■ the rlay, d.'iy, koakoia enor rat ■. 

••i .n e pro--, i !' i 1 1 r m i .. ' <i»"e in the quality orsem <• a \\\ u i rh 'it ;, ne 
n.; i ii'-, el 'ii 1. 1 i.-e .:0jij khei natively, at any time, ujaLtwf ai m tn eon Id be 
downloaded ard stored if ihc Mini;! in stor age All., npidv.-'y il'« kinrw. di.n owgins will 
K ni.i ipm i'i ) in 'hi i» m .[ii,ii t j. Nn of the data rale, n ,> I I In om J » h ,'pssed it <.-. ; is 
known that the raw data rate will not be used 

I iili-N'o Nt the; mmc. tfic s\ stems, and method:-, ■■><. tins mverita i can also apply to any 

rrokuaafner irioo-.Latioj] baaed common:! cation woetcni stk Iuu>.n2 wsr-dess j A'do suo-h as 

iv fit h-^ LAN -0,1.1 f nc! H'l Hs owl in -t ih- worelcv* a> «.w -ydim home and 

la.ces.s i m. bid: communication s ysn: ins. or iho like. 
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[{MM?] \.; dkeemnsj in Pig I.. I hi; fnulNc:i< rau modem ane re hi ted (.on -p.-ncnts can be 

implf-nii-Mcd t i< I n« :i DSL •moi.icf or a veps-ui,; pms.-rjim t-encjaf puipow cc rtputer 

having a ._•« an-nuns ninai , ,!f .. i,-. . I )ov, f. ',•■;•(.. rhe ■shiIs. esa ru ur.nian ef< eJsobe 
im»:-k'm..'t.'ii'<i i'i 4 -.peels! pi u \ >o : -,s imi if mn-r . i pr.ye ruiiim-ii insnopioees^ri iei 
,,'<i n i .ii i >ll im ( .m m. « integrated circuit dement, and ASIC ■[ ot'i i me a rated 
,:. irvilii. ; -a aid <a.reu pioe, ,oi :i hardwired O" electronic <•; loeie »v rnit nmHi as ;i db-cieH. 
element .. '•cuii. a :s.. :<n .bu IoHc .. h.* v sij.-N .i.-, .1 PI ! > ide'e hid' '• •\, CM , or the like, 
and assocvi'i ed •::-..:-n • n hm> n;- n eayupmerst. in genivt.il sny dm, tec L-uf in : inplerffliHtinjar 
M finite stale Midline ih.e j> in rma capable of imparl uem me !h. "hnu ha J 1 1 a -.17, tied ill Fig. 
2 can be used to implem-m die m.dh, ,nner modem 100 a. cndine !<■■ tin-: i mention, 

jtHW-Sj ldrdM.amme. :mhouo.;ed method may be reitdi s iupk i-ami'V in suit v rr a ing 
object or object -oriented software Jevc I opmcnt envi run inert! thai jaoesit 1 1 emld source 
code that can be used on a vaneiy of computers, workstations, or modem hardware 
platforms. Alternate, eh., <I K 01 .closed modem may be imp! 1 -mcd pam ttly or fully in 
hardware using standard logic circuits or a VLSI design. QHu- -cHwarr or '.nr.iwarc can be 
e.e.d if.' 1 t:. 1 1 ] d 1 leas die yoneno a 1 ireoeknre wd aw- ire/aiem deperntiny on die speed 
anddn ..■'■ii.'iene_v n .-;<:: n rnetic-. (d'the systems, the particular function, and the particular 
software or hardware ,,y.% ee, ,n- microprocessor or mieroe<»mp.'tei <v aens being utilized. 
The muhicamer modem it lustra ted herein, however, can be readily implemented in 
hardware and/or s» 'd , a 1 in ,< \ known or later developed moerre. or structures, devices- 
and/or so''" iu hy iko !d idi i ir> skill in the applicant if 1 H' 1 ihe run. 1 >< *ns : 
description provided herein and with a general basic know !c dec ■>: (tic computer and 
tetecomrrtuntcatiotis arts. 

dd ' l«ii > v- id. < • 1 k, ed methods c an be re r h na| in <i<> d . , ipnare 

t ■ 1, 1 n»t 0 on a 5 1 I yeneral purpose computer, a special p [ » t 1 ,ni< «m 1 

microprocessor and srsasaecd eoijuiHmicaP'.so, epinpn said ,e ui.e lake in dicse instances, 
the method' aad «.« terns «t m- mventiorl Cfefi be implemented u\ ,. p < emi »-» l .r,.pv,e;i cm 1 
nvedeni, sneh n ,i L d na .lens •. the like. The muiticarnfi re,. idea eiriaLobi 
implemented lip pi;ys;cs'il>' inees poratirn' ( 1 u ■ sx-.-P,: n end >neie,i,d |.. a -.opvonc aaeda; 
l:;r.&-A'd!S system, such as a hardware raid software system of a nasieas, such as an ADKL 

rii'sji. n r lire -ike, 



iH I7I'S((1VI2555 



- 13 - 

[0050] It is, therefore, apparent that there has been provided in accordance with the 
present invention, systems and methods lor assigning margins lo carriers. Whiie this 
invention has been described in conjunction with a number of embodiments, it is evident 
that many alternatives, modifications and variations would be or are apparent to those of 
ordinary skill in the applicable art. Accordingly. Applicants intend to embrace all such 
alternatives, modifications, equivalents and variations that are within the spirit and the 
scops of this invention. 
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What h Claimed is: 

I A irillli.fcwTi^r »n > li'l 1 1 - i hmuj u il . >' •> ui > >m i .is.nr- 

; p.Miai!(> of snluli: rod'.' anH 
,i p'lirutii'. of itiaveisi.s. 

2, 1'ru' v, stem id claim i . wherein the pJur-dii ••• >■( m to in-, ue •j.jscO on as k r.i 

OIK' of changes r!< *lk: k".-ds m) :.; Si u n it ! k . Kllpl-bo :<>•■,.-, Ic| s a j V I J I On J dlrv^v Wire hllC 

length, ruuh; fieijuenev miciiaioo:.. a bit error rate, a jol-ili: to n m <• ii!»>. .i siasona] 
change, stijfi>. tic^'. i n fornix ;i»n, '.Uvx information, day ~mk>w u «i „| d.i, f,.n hit wmatkm 

3, The system of claim 1, wherein the plurality H irmiym* 'lie ,ti h-a.a one of ail 
average manor and :•■ m it-channel sj>ecJtIc margin. 

4, TK- '•> '-i<'<! i n ctaim 3, wherein the aver? .••«• mi.nyhi I'- .ii»s>lktl equally Eo a 
; mi:; i or, cj ; ho p ! ma!;! V < ;1 :• • i '• >c 1 1 r r i n e I . 

5, The system of cteim j , further comprising a mai yso o.. ivrmmer that 
detennmes at least one margin. 

6, ; The system of claim I , further comprising a rr»u y m> storage «;,-v i, .. thai a us 
: af test ope margin. 

7, : A muhicarrier modulation c omnium cal ion •> v -^cjt» c<a urn sing: 

a plurality of subchannels; and 

a plurality of margins, wherein one of the plurality of margins is assigned to 
at least one of the plurality of subchannels.. 

S. f ht. 'lit, ,\ m, 7. wherein the plurality o! i irj , ,sre xsed on at least 
one of changes 0i< leveb of s crosstalk, impulse noise, cmp* ismo \ urn „ mr< fine 

length i,i I ti i u n tu; ti h n, e, a hit crrur sate, a xivn tl i « m »i r in i n'-'n.i 1 

' 'I .in ', urn .:i il ,r * i m \ in..' information, day in', i m t am J j.ii <■ u ail* .mi mon 

9 The v,'.i, 'n ! din ?. wheresstihe -mini «, .I rr a cure urc .-.i ka .! our 
average margin and a subchannel specific margin. 

10. The svraurn of, '.as/; i T v.- herein the lo-eruyr man; in is anylad equally to a 
portion il' S[ t '. pluoU'y .-.nJ.-cf*.tnn^U. 

11. 'I he svst-:ri o:\iasm 7, i..-'-h>.:: compi j.oho ;J roay.Oi aor;-:rir.ti-.t.-r thai 
f i • 1 1 1 1 »»f ■ a if h { one jn.tr gin. 



WO 0i!'Hli5JI) 



- 15 - 

12. The system of claim 7, further comprising a margin storage device that stores 
at least one margin. 

13. A multicarrier modulation communication system communicating on a wire 
line over a plurality of subchannel, wherein at least one margin based on a length of the 
wire line is aligned to at least one of the plurality of subchannels. 

14. The system of claim 1 3. wherein the at least one margin is based on at least 
one of changes in the kvejs of a crosstalk, impulse noise temperature changes, radio 
frequency interference, a bil eiTar rate, a signal to noise ratio, a seasonal change, statistical 
information, rime information, day information and dam rale information. 

15. The system of claim 1 3. wherein the at least one margin is based on at least 
one of an average margin and a subchannel specific margin. 

16. The system of claim 15. wherein the average margin is applied equally lo a 
portion of the plurality of subchannels. 

17 The system of claim 13, further comprising a margin determiner that 
determines at least one margin. 

IB. The system of claim I?, further comprising a margin storage device that 
stores at least one margin. 

19 A multicarrier modulation communication system having a plurality of 
subchannels, wherein sit least two subchannels have a different margin. 

20 The system of claim 19. wherein the margin is basal on at least one of 
changes in the levels of a crosstalk, impulse noise, temperature changes, wire line length, 
radio frequency interference, a bit error rate, a signal to noise ratio, a seasonal change, 
statistical information, time information, day information and data rate information. 

2 1 . The system of claim 19. wherein the margins arc at least one of an average 
margin and a :,ijK-]umiiicI -.jvcd'ic rv-arvir.. 

22. The system of claim 2). wherein the average margin is applied equally to a 
portion of the at least two subchannels. 

23 . A n i n format! on s torage med i a compri s ing rnargi n i n format 10 n for a. 
mu I steamer modulation system having a plurality of subchannels, wherein at least two 
.subchannels have a different margin. 



24. A method of enhancing muUicarncr modulation communication over ;i 
plurality ■•;<: •mhchamteb eonipremie .msmmmie.m n ; ;.: over' the; plurality ..if aubaba!>»efs using 
j ., i ml I,, ; it<ii'ins. 

I x ii, m - I >»l « I n > I ' >U f 1 !• 1 'M' •!•.!, uir a. I> m I • Hi .i< 

kw-t m. i i i L< ' levels of a crosstalk, ipipul.ve name. '<■ nnper «»,, fa,. ,< in 

line length, radie; bei'irane'-. i n lade i encc. a 'v.. error rake i m;j fa I to mirr u:io. a m.'i -em mi 
:.-K;UI;:<\ ^.J.-i^m. i i i b .in . i mi i. lime mfoTIUEltion, <ji<y iuh- 11 itn 'l i «\ mU ■ I U' ml" i nlio; 

26, 1 >,' 1 1 it. iliw t -;i I on 24, wherein the at i< ml hvo rumpm 1 " ;m... ,h U-.->s' mi., of 
u; .mm m .i in and iln. h; . tel specific rr.argsn. 

?,"! bee meilm.i.1 ad eh.nn bo wherein the a Vi i a a, a in • applied equally to a 
portion .n' tin oairaki', < I mk1iuri,"tdv 

28. The method of claim 24, further comprising determining at li .mi on-- n<;u ■yn 
29 t he method of ckmi '24, further comprising storing .a L-;ut one margin. 
30. A method for muliicarrier modulation communication over ft pi utility :ol ; 
subchannels comprising: 

selecting a first number ol rhe subchannels; 

assigning a first margin to the first number of the subchannels; 

se'iei. imi: ,; mid number of the subchannels: and 

assiyniny a -ml margin to the second m.-iher >>■ mliJ ,nm. ]• • .Iserem me 

first margin and t hi ;e. > <•, n1 m <« an are different. 

-ii n it i i a i tairrt ?0, wherein the nitti j , ire im ed on w i is one of 

nr. -e:- in the ieum hJ a em".-i;dk. impulse noise, k mp.-i -up. .Inmrm u.u hue length. 

radio freo, ..m ; in; sreience h<t error rate, a .signal name r,:(i; a :i ^asomd chi'a-^r, 

mimmmd mbumni .hi. am*, iaioi nimton, day tnforrna'aia :ai;l dan- i,aa lira; a. an; a). 

32. i he in. I. i ii . i . anil) 30, wherein the mar -m . an ,1! r-.i one of urt imcraya 
margin and a .su. belt amid spm die ma rem 

33. The method -a! elana 33 ame'ivm the itveoxge imaem is applied equally to a 
poiii.'.it u1 rlici I! • ta i 1 it hiU aimlvrm .utv.hmmels 

-4 I la a lb i ' a! bar < ' a |«« 1 , a ( i» am > m, u m ! n nam r .*i i 
determine- aj Sea-s earn nneym 

3 ill" II etSioJ 1 1! • Laia '» >' l>e« ! ii an am , a-nmo »<m o. re >,'iu (Imi 
li (in: ; ■ • ' 
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36. A .method For smdiaearaar amelalatiori eooar.tipicadon over a wire hne using 
a plurality oi raidalmriado when;; hi al aeaa..i one rrarao; baaed en a length at ihe wire line is 
assigned to at least one of the plurality pt. subchannels. 

•'7 H,a mi. dad ,il lanr aW wd.i.ir, fin: ,i loa-,t m«„.- aiaa- n a, la me-. I on j> leia.t 
one n! .J: i a ht I J of a crosstalk, impulse noise • , m t > i i 1 1 ' • ho 
liai,|i!i .,..s i:,L ici -.in .l i i u,,>r u sigftal to noise raitm, ... seasonal . >> uvy !-■ 4e.'u jI 
i i i I i i) ii4 o > i n if 1 1 r o,, , i L ,' information and d, , , a < i . n atx n 

38, Tin; ih,,a|,od of claim 36, wherein the at !ea.-,i one a.-a.taia a- at k-asi ona m ,h. 
i i a ni i •,, !, r ,i f n n | ' j\xiilc margin. 

39 The anadiod ol Jann w-i, wherein the averaaa mat -am applied equally to a 
purr ii of on.: jama.mo, o! oda loam. k 

40, Fhe nttlhod of el i ?fi\ further compreara- nmaieai <U n lomc thai 

determines al leas; .....e m^ni 

: : o:4t. The mcdiorj of ckum 36, further comprising a man: in storage i::kooce.ffial : oo| 
stores al least one margin. 

42. k maor a "'<" cornnmnicLiCirj:.; i;< ;i ayaaoarnw nxxkskason cornTiuiirioaliOi; ■ 

'■iimivvvicni huv ma ,u least two subchannels, wherein at k;'M two ••: die at leasi two 
.subchannels, have a different margin. 

43 The method of claim 42, wherein the margins arc based on at least one of 
changes in :hc ks da <H a crecomlk. impulse noise, temperature cr*uiis-.->. wn a kite length, 
radio frctjH.ai,.) mi u rence a 'v error rate, e signal to nnh.c iatio. a scar-on. ii aiia.ua-. 
siaiaiai ;*! mkarmmwaL Lome information, day infor-.;«ior« and dam rati, a'aonnation. 

44 "("i.a "k-i!,o:! < ftim 42, w herein the rrn a • a la -r o i of an average 

margin and a subchannel specific margin, 

45. The method of claim 42, wherein ihe avaia »a, > ma ts applied equally to a 
portion of the as least two subchannels. 
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APPAHATiJS FOR EXCHANGING DATA BETWEEN A CENTRAL 
STATION AND A PLURALITY OF WIRELESS REMOTE STATIONS 

Bagtemlal, the Id yen t 1 or. 

This invention generally relates to zte field of date 
communications networks. More particularly, this invention 
pertains to a multiple access protocol for a data communications 
■■.mtMork: having a number of users exchanging data ''ibefcwesn: 
individual remote stations to a central station over a single 
optical infrared channel. 

A multipoint digital communications network typically 
consists of a number of remote stations which comnumcate with 
a central station over one or mere two-way communications 
channels. For example, personal computers are eypically 
connected to a wide variety of peripherals or otJ si coir.p:t srs via 
wire cables, i.e., a hard-wired communications link. Moreover, 
local area networks (LAN's} are often used to integrate remote 
terminals that are locked a:; tr- -■-.-.„ „ r, ep eiiding upon r.h= 

r.umber of users, distance between terminals, number of peripher- 
als, frequency of system reconfiguration, pert;.':.. . l^.y ca 
remote stations, etc., the hard-wired cable svsten mav not be 
irartica.. f •■_ oo/oj. a;:p tratK-i he:;-, aaio.o bie.?:.:: 
: ' « n .u : i j a ;. r i ,; , n i- aa i i „ . u * a ha • - - . - a -i ; . .-. ye b r. : . - t •:: u i t r ' y v.- ! . ^ 
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a system includes 5 large number of users and /or pcrcas'ls , harvd- 

'■'< -"U: t . a^eices. 

: r; ' cn 9 the "fn t'.< v/ z e r: ; •; o , v o i .-- s .-. • .. • -. - r r oe 

band radio frequency jRF) systems, spread spectrum RP. ultrasoix- 

it ccia irartr-ei optical. Radio frequency systems are oft«a 

;:::ci::.;.ic::'.-r, ly aeqraaed by elect romagnetic noise arid interference . 
wo ix as by large signal amplitude variations and asuiripath 

interference, Moreover, RF systems are typical ly subject tc 
governmental licensing and regulation. Alternative wireless 

systeee -i ,v levinc ultra sonic sound waves experience severe 
problems with the complete loss of signals due to nulls in the 
transmission path. 

: Optical -infrared ccmnun i cat ions , however, iis not : 
affected by electromagnetic interference, and is tract ;less: 
susceptible to multipath interference. Furthermore, optical 
systems are inherently secure (since the infrared light does not 
penetrate walls) . have no known health or safety effects . and are 
not subject to F.C.Oa regulation. Moreover, infrared transceiv- 
ers draw rei3t Lvely low currents, which is particult, a ,• :.n -> tant 
with respect tc handheld battery-powered portable ten-outers . 
Thus, the use of infrared light as the wireless medium is well 
suited to sue!; ao;d ut.ijne 

in eiirr Ceu :.ue remote stations to coirn-r. nicer e with 
the central station, the reraote stations roust be able to gam 
ace or--? Lht- ccriiironly than eo. eoivueicat leer cr.a-o e-urn so re 
type of multiple-access signalling or con tree protocc . ks arte 
in the data coramuaicatioas field, a "protocol ! * is a formal set 
of: ruler 'lov-ieia:; tat :trne ,e.e eeati:;.. el bueu.r teitpur? 
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between two cctnmuni eating devices in order to ensure the orderly 
r-rantifsr of information. Typical multiple -access protocol? may- 
be categorized into two broad classes: contention- based protocols 
(i.e. , random access; , and nonccntention- based protocols, {i . t- . , 
scheduled access; . Content ion -based protocols are characterized 
in that any remote user with a data message car. contend for the 
channel by transmitting ito data message immediately in an on- 
demand fashion, taking the chance that no other remote stations 
will transmit at the same tine and thus collide witn it. When 
a collision occurs, "he data message is seldom received correct- 
ly, if at all. since there is no coordination between contending 
remote stations, the ncaiber of collisions dramatically increases 
as the i iuir.be r of users increase, or as the channel _oac increas- 
es. Hence, contention-based protocols are not suitable for many 
data communications applications. 

Honccntent ion -based protocols are characterized in that 
they provide the necessary coordination between, the remote 
stations to ensure that no two remote stations transmit at the 
same time to contend for the channel. In other words, the users 
in a nonccntention system take turns accessing the network m an 
orderly fashion such that collisions between users are avoided, 
Soncon tent ion channel access is usually implemented using •• me 
type of polling technique, wherein the central station se; ■ a 
control message or synchronization signal to me remote station* 
as an indication for the remote to respond by transmit tang data 
on the channel. 

Using the well -known ■■explicit polling" technique, the 
central controller sends a polling signal to each rerr.cte station. 



-4- 

~. nd -. v :: -'J 1 1 I '. / , ». ; x:x i -e i : r. i - ; j x - •; rx, - .v f y x . 1 „ x;. - r L : ; . r c 
:~lx .., ' : •!.-:•" ..; -x.e: . ...|. a.xxxi-x.-x : -xx 't ; y Che 

■ ■" - ; : i - ! " ~ ;xx r ' 1 1 c r •: -1 - : -x t 1 ;> ■ «,« lr, •-. - : — ,- - - : , , . , ; _ , . . ^ 
pollecl. If the polled remote station doesn't, nave a data message 
to send over the channel, the central, controller goes on zo poll 
the next remote. If the remote station does have a message to 
sonar fox date message is immediately transmitted over the 
channel in response to tne poll. As used herein, the tern 
"polling'' includes the second -half of the procedure, wherein the 
polled seat ions return a message. Explicit polling re, „radl- 
tionaiiy been considered rather inefficient, since each remote 
station has to wait for its individualized poll,, establish bit 
rind character synchronisation, and then transmit its data messcxx 
in response: to the polj . Hence, a significant portion ofxther 
overall channel capacity is consumed by the polling signals 
themselves . 

Another nonconeent ion -based ma hi Lple-accsss protocol 
is referred to as « implicit: polling." Under the implicit polling 
technique, each timing cycle on the channel is divided into a 
number cf time slots, and a specific time slot, within each cycle 
is reserved for a particular remote station. Each remote 
station, which is synchronised in time with the central station , 
is implicitly granted arxas to the channel Coring its individual 
time slot. In crhe words, the channel xccr., „c ce/.t roe ! ex by 
i e se X'.x eg e 1 me si ot s f o < • eh r eve r e e r. a r . j. r: r a r r. u „ t , rat.-. >' 
trier re; no core roe 'Me l y e,y x: exiling signals ire? th, 
central station. 



WO 95/32567 



PCT/US95.'05fiJ 2 



' i w : 1 1 : r :• i r r ■:}.,:.- ■ mr; •.mi :a. t i on 5 n.e - ,<a t is csinq the 
imp-ir-Hr polling protocol, a fixed transmission time sloe is 
reserved for caab remote station in the network. Each time slot 
must be 01 a sufficient length to contain an entire data message 
pack, el Hence,. the luauaaa. :a- i:1 a aan ] y utilized on.lv if each 
1; err.-; in Lei: ban a a-ata massage bo send daiir.o ^-n. h o'o ; If, 

however, only a few of -he remote stations have messages to send 
during each cycle, then the channel remains idle during the 
preas signed Lime slots allocated to these nor. -responsive remote 
stations. When only a fraction of the remote users have data 
messages to send, an enormous amount of channel capacity is 
wasted in the empty time slots of an illicit polling system. 

One advance over the prior art was provided by U.S. 
Patent Mo. 3,297,144 ("the J 144 patent"! assigned to the same 
assignee as the present invention. The '144 patent avoids some 
of the disadvantages of explicit and implicit polling iby^ 
period; i.i'i : ■, u.. 1 iwarui remote data stations to register a need for 
a data 1 re:.:;*--, ssicn with the central station under an implicit 
polling fcrraat , Registration is allowed under the '144 patent 
vheriov-.-3 1. aantra: station transmitted a r*9*rv3tioi. sync 
1 "RS a frame Contention was avoided following the RS frame by 
assigning different delay periods to each remote terminal for 
transmission of an access request follsairia taa; T-i.n r-ane. 

Under the '144 patent a relatively fixed time period 
was allocated for the RS frame and access requests ('the 
reair'./F.t.ica — guest period"). Following the rase vat icu as .ana-: 
f ~ d :> sc: -ana , >/ a 1 i a'a .. a • .• nq • v., t « ; T ,-. r. : . : , o:: i A . v ; ; ,, d f or 
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pr..iir:g the r smote station and for transfer of data frcrn the 
-co: est cng remotes ( '» the polled data transfer period" ) . 

Whiia the '144 patent ostensibly reduces power ccnsurap- 
■ 1 - ■ ' w - '- 1 : ' r - %f: - • : -'" r: -" ) ! : " <■> '■- i • ! : :;.r;.u:: i • '.. * r : 11 l I eo : • o on. 11 y .• ci , 
power savings is not practical where a remote station :s to 
receive data, froim the control station. Under the teachings of 
the '144 pstent, a remote station remains active during the 
polled data transfer mode {does net enter the sleep mode; onlv 
long enough to be poller! and transfer data. Since data transfer 
" iY '•' v-rr.tr al station to the re no to station occurs at: toe end 
of the polled data transfer mode, and since the polled data 
transfer mode is of variable length, the sleep mode of the '144 
^patent cannot be used where data is to be transferred; ^fr©m, : iM 
central unit to remote stations. 

The '144 patent also allows for the addition of new 
: remote : stations to the relatively fixes reservation request 
period through the use of a "membership acquisition period", The 
membership :, eg ui j;:.:. an P - i i of 1 3 ;, rau ] t i £ ran e s t ructure w 1 chin 
the eupertraroes after the polled data transfer period p'PPTP") 
wherein the central station accepts new remote stations (inserts 
new slots within the reservation request period) . The membership 
•-■:<.}., i. i-z:> period ir a fixed time pe- sou \ . r r i • t:,Q n \ t . \> 
wherein a new remote station tor group of new remote stations; 
may seek to gain access to the communication systesr.. 

While the ' 144 patent has provided a significant 
advance ever the prior art , the ? 144 patent ?ni.l i:,:.±r- zo 
provide a convenient method of coping within rapid ra-wbersMp 
o;kv r.ges . The '144 patent also fails to address the issue of 
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power savings where down! ink transmissions must occur between the 
central action and remote stations . Because or the importance 
of power savings in portable data devirre s linked to a central 
station, a need exists for a method and means of remote station 
power control under dynamic loading conditions involving the two- 
way exchange of data between remote stations and the central 
station 



Ar. apparatus is provided for exchanging data between a 
central station and a plurality of wireless remote stations on 
a time divided communication channel. The apparatus includes 
means for receiving access requests from remote, stations of the 
plurality of remote stations during a first time interval under 
a contention based protocol and a non~ contention based protocol 
and means for polling during a second time period remote stations 
of the plurality of repote stations providing access requests 
under non-contention based protocols during the first time 
period . 

The apparatus also allows remote stations to exchange data 
directly. Such direct exchange is possible where the central 
station acts to coordinate such exchanges while deferring the 
^dr.icDenr of other users which may interfere on the communica- 
tion channel . 

Another aspect of the invention provides a second time 
period where data may be transferred from the central station to 
individual remote stations. A structure for broadcasting common 



wo 



information tc ail remote station* is also provided within the 
second time frame. 



Br ief , Description cf the Drawings 
5 The features of the present invention which are 

believed Lo be novel are set forth with particularity in the 
appended a: aims . The invention itself, nowever, togetutar witn 
further objects and advantages thereof, may beat be understood 
wrth reference to the following description when taken in 
10 con -unction with the accompanying drawings, in which: 

Figure i is a general block diagram of the wireless data 
communications network according to the present invention; 

Figure 2 is a pictorial representation of the channel 
rrame format utilized in the multiple- access signalling protocol 
15 of the present invention, 

Figure 3 is a timing cycle diagram illustrating the 
two-stage reservation-based polling protocol and daca exchange 
system of the present invention; 

Figure provides a summary of network control 

2 0 function by frame type in accordance with the invention along 
with a description of frame content within individual fields of 
the frame; 

Figure 5 depicts a slot arrangement used within the 
request period in accordance with the invention; 
2t Figure 6 is a timing cycle diagram similar to that of 

Figure 3 illustrating slot us acre . 
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■ :tu r e '? to •. < i m i n t ■: vc i •. . :: . • j rr; t. r. ; ir „ , ;., r - - . 1 ■■■ f 

Figure s, wherein acknowledgement signals are returned to tne 
....... 0 . . : , . . t G ,,, ? ^ .- _ ^ _ a c u . . i r e ;ji ^ __ ; ^ ^ ^ 

Figures Sa an* So are timing diagrams represent lug che 
5 power consufnpcion cf trie remote scat ion receiver and transmitter, 
respectively, during the reservat icn - based poll trig protocol 
. Lr'.nc ryl- ind -rtr h.-i . ,;e of Figer. ?; 

E". : :a:-e 9 is a detailed block discern cJ .v* of the 
remote stations cf rhe data ccrnmunicatior.s network shown in 
.10 Figure i; and 

Figure 10 is a detailed block diagram of the central 
station of tne n: ■■ ;e,c vacations network of Figure 1, 

DajtaUad Description of th» Pr»f»rred Embodiments 
■ : \ .?r^ solution to the problem of power savings 1 In : a 
dynamically loaded system requiring the two-way exchange of data 
between remote stations and a central station lies, conceptual 1 y, 
in mixing contention and non-content ion based access protocols 
and in mapping a data transfer period into uplink and downlink 
20 epochs. The prior art has taught that either contention based 
protocols or ncn- contention based protocols may be used within 
access periods gaining entry to a multiple access system. Under 
the invention, it has been determined that an unexpected increase 
eii tc ;.."cy iray I. •„- n chic vet. ov us in? non-content ion access 
25 protocols tor remote stations requiring frequent data txchar.qee 
and contention access protocols to remote stations with less 
f r s q 'j •;; ; i t c "> r, a •.- :■: t, ; i a rges . 
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Mappinc di "iif'i .r tor r^-rJods, :n the other hand. 
ir, ' : ' v " r ' : " - CJ - enc V « reduces power consurr.pt j on . h y .= 1 .; -vnoiy r, 
-r.3icia of epoch locations to be transferred to rsroete stations 
■> ' Tie indicia of epetj J - . .- , n ,av 

Chen be used by the remote stations to deactivate unnecessary 
:. •" " •'•"F-.r ' r j hh-er our bos p - : j ,.p 3 n ,-s • : _ .... _ - - 

Referring nnw to Figure 1, a general block diagram of 
a wireless multipoint data communications system 10 is shown. 
Tne system comprises a central station 12 and a number of remote 
stations 14. The central station 12 may be a stand-alone data 
proce^.rr: and control entity or may be an access point (Mb used 
in cor. -unction with other data processors and systems over a 
1 arger hard - wire:.* ne t wor k 

: . :Centrai : ...station 12 communicates with remote stations; 4$ ■■■ 
through an optical infrared transceiver 16 coupled to the central, 
station via a hard- wired link 18, Each of the remote stations 
14 includes an optical infrared transceiver which communicatee 
with the central station by sending and receiving data messages 
over an infrared link IS- . Depending upon the type of network, 
the central station may utilize tne data messages itself, or 
route the data messages cn co a different station in a local area 
network 

In the pr e £ er 1 e. d e it o i.i ment , e ach oi t rse re mo t e 
s t a t ions 1 s a p c . x t a b i e , hand - he 1 d , b a : 1 2 r y - p o w => r e • i : on p u t a ? 
ha v. ay, at 1 10 ^.w.r,! tec! .ribroer! : ra nr' -a;. ver . as will be describe 3 
.1 detail bc.-.ov.-. Trie remote stations aloe itcieev 'eypr: re- 
bate input, and a display for data output. Although the present 
invention is part.xcirlar.iy aaapted for t >,...- we / comrau,r..icat ions over 
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a £i::cj •" "i'':»q..-r JC y inir-rco - u..<ir.*\ t :.v,nf - : . ; . . in . , -.Ji^t" - « 
-:c>-i;3 };, -he half -duplex mode cf operaiJo:!. tkt : ,r- F; ;r,:' 
i river. t:i 01: can a.,,so be used in full -duplex opera zi on as well as 
.ieil -duoier. :iver,:.:on over single -frequency o; :* - e:;i. fc ii:cv 
channels. . In the r -n.ed ecrkodiRient, in.tr nroe M"k • * l:,.e 

4 Megabit aata. rate using Return To Zero with Bii. Insertion 
{RZEU encoding scheme. However, the present invention is not 
limited for use with only wireless lin*s or the particular type 
cf channel or data communications scheme shown here. 

Figure 2 illustrates the specific channel frame format 
2 0 used under the protocol for all information transfer and 
supervisory commands. The frame format of the invention 
basically follows the High-level Data Link Control (HDLC; data 
;.commiihi oat ions line protocol specification of the CCITI^ : or :thd 
Synchronous Data Link Control (SDLC) protocol specified by ISM , 
Hence , the published detailed specifications for the HDLC oreSDLtr 
protocols may ^5 referred to for 3 further understanding of the 
common subject matter. 

As shown in Figure 2, each frame is subdivided into a 
number of individual fields, wherein each field is comprised cf 

5 number of B -bit bytes. The following paragraphs describe 
;.-< it ' 1 -j .1 --r ;. 

Preamble (PRE) 22; This field is a 5 -byte field whose 
purpose is to provide a means of establishing bit synchronization 
of the receiver with the received signal including the clock 
recovery signal. The value of the preamble is typically coos en 
to have a nigh content of transitions (e.g., " FFFFFF " because in 
RZSI ^r.C'.ihng oner. " 1 M id: p.- I ; •; r r, •. r b.. :. 1 . 
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boundary between the 'M" bits cf the PRE an,:; the bits of the Su .. 
It is a unique '' -. 1 .h- g.~: •' •it cr. netu^ ::.••:-••:•< aae too it: i : _ c:u: 
of the modu ation scheme prevents this number of contiguous zero 
bits from occurring within the data (anyplace between the SD and 

BiP fields) . 

the 2 -oyco address of the station to wh:ch the frame is being 
seitt , In other words, in a polling frame, the DID field of a 
frame transmitted to a remote station first identifies the 
particular remote station being polled by the centra] station ami 
then the DID field of a return frame identifies the: he en feral 
s ^ sfei:en h as r "* e destination for the data message being returned 
by therenote station. Each cf the stations is assigned a unique: 
ident if rcatior: code, or address . The remote stations typically 
receive a new DID address each time the remote star, .on registers 
with the network ic . However,, a dynamic address dete.rrr.mat ion 
prooecui • col id a is.- ; , yor , •• r: ,, •-^.• ro - etr.r o:m .nr , the 
addresses of remote stations (non- controller stations; begin with 
hex and increase to the roaximuiir. amount of remote star. ions allowed 
.. j . t h e r:ec w o r k ie.o , <T' f\< ! < • ,•: s ie c n 1 3 „ } , : c n t r c 1 1 e r s 1 3 : : o 1 1 s 
(e.g., , central station 12) may re assigned other nun t„-im ;aJ values 
■r L ,~.£p he::a.:li-:if«!a.L ,, naa .-f FFFF hex it. this field 

ctntt.t;-: a L'.mOv^i frame, which would be receive.-; by ah" 
stations . 
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the receiver how to iraerprec the frane-- contents and in effect 
provides a control fu.nct ion. A summary of the possible types oi 
frames are as follows: RSYNC, MRSYNC. RegRTS, RTS, FCRF, DSYNC. 
ED3YNC, RegCTS, CTS, DATA, MDATA, and ACK . ?ne meaning and 

it content; of the types of frames listed may be best understood by 
reference to PIGS. 4A-C, The use of the frames may be best 
understood by reference t: subsequent sections. 

Cgntroi Flags; ofhi&h ds. oa :-byte control field 
containing bit -mapped flags, primarily used for supervising 

15 commands . In the preferred embodiment, control field 3 2 includes 
priority flags and retransmissions flags, which will be described 
below. 

Information (INFO) 34: This is a variable length field 
used for transferring data. The INFO field 34 is also used in 

20 conjunction with certain types of frames (e.g., RSYNC , MRSYNC, 
DYS\C , and EDSYNC; as a repository for an indicia of epoch 
location (e.g., the location of upward data transrer period 
: cy/Jh > :> y. c r J .;.d ' , f • , o ud " = : t ; or. od an d ,wn wa td a -i 1 5 ; r 3 n 3 f e : 
period (downward period} within the overall data exchange oeriod 

2 C (da : a pe 1 loo; ) , 

1 " o d't^ . ' A 1 • - ry~ 1,5 

used .0 detect bit errors which may occur during transmission, 
in (-.:-.-: vc-ent er/iOod;.rr.er.t . a32-b.it cyclic ^vd.,::d,:,i;vy cn«rk iCRl: 




The . -uv->» lice '.d-diates to 
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ilgorithn is us-d to detect- errors in fields 25, 26, 30, 32, and 

34. 

----- - ~* '— -h 11 - : LiL tl ' VI - Th 



purpose of the ED 33 is to allow the receiver tc detect en end 
cf frame. The purpose of the POST 4y is to prevent the receiver 
f i ym m L s ta fci ng m LT / :-, T con' iv i i : a - i on f > r m 3D./DI D •; em t ; r i. , ti ai . 
- n fh5t ^ hs v a d 8 ~ imai vaiuft of OEEHE could be an invalid DID , 
Figure ? illustrates & repeating frame structure 
>, super trains : used by the system 10 to exchange information 
between the central station 12 and the remote station 12.. Each 
frame making up the super-frame has the frame format described 
lafcovei 

Super frames are not always of the same temporal iencth. 
The euperframe, m tarn, may be divided into a variable length 
period used for receipt of access requests (request period; 5 0 
and a variable length field used for data exchanges (data period) 
SI. 

The central station 12 identifies the beginning of the 
super frame co the remote stations 14 by transmission of a request 
synchronisation {RSYNO frame or a mandatory request synchroniza- 
tion (MKSYNCj trarae 52. {The ESYHC frame requires only tr.ose 
remote stations 14 desiring access tc respond while the MR-5YNC 
requires ali remote stations 14 to respond.) The remote stations 
•- - identify i .v&v'kc or MRSYNC frames by rst*v. to tr.u tyv^ 

f i.-ld of the frame <?I3. 4A-CS . In addition to i \ .-z I tvi -y;: the 
beginning of :nt super frame the RS"mz rx. KESYiTC frame 52 
pio-y.>rc .^formation within the I NFC field <yiC, -i,t) native 
to the number and type oi slots (slots using a non-content iot 
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bases access protocol or a contention based acces? srotoeol> 
<'i:hi:: c h .= r*:rniest period 50. The sJot xr.icirv . - ox 
tine j'v'iic-.c St.; ::oc r ! ". ^.o 1 i car :•„ ry?.t-'-'t n seers; r, : , e:-:r. _s.ir.ed 
Later) or to power -down daring the request period 50 if the 
"""rr-t- si.yr.tsr. i; :'.---.s es^s jcc rv 'to u-tvert :(. 

Following the request period 50, the network 10 enters 
a dace, period c ,l The central station 12 identifies the 
beginning of the data period 51 tc the remote station 14 by 
trons~iiss:o.[i of a data descriptor frame 53 «e.g. , a data synchro- 
nization (Z5SYNC 3r extended date synchrcni nation -fEDSYNC) 
frame',' . Cor. cornea withir. the IXFC field 34 {FIG. 4 A.- of the 
cDSYWC ci "* temporal information relative to the 

length of each subsection of the data period 51. The temporal 
incprraatioc, .as above, is used by the remote stations' '11 to 
reduce; a duty cycle of activation by powering -down duriher 
iapcrppriate portions of the data period si. 

In accordance with an embodiment of the invention, the 
slots ro trst request period are divided into two groups where a 
first group of slots allows for random access under a contention 
based protocol {contention slots] and a second group of slots 
allows for access tnder a non-contention protocol (reserved 
slots) (e.g., under an implied polling protocol}. Under the 
i r. " ' e ~ i o i 1 . e n » mo e t - x c c • ; . r. •:. n : ; .; ,. c i s .: . . , ; , y : ; .~ . : ,. r . ; , r ,= r : , : , . r , . - , .. 
v a ry s s s up 1 1 s s e l j i tr-t r o r t e 1 1 l; ;r c e r s t „ r. r o : h\^ Lz \ - ■? ;r t 
- 1 -tt 1 :.!-..: w:. ibis vh-- ; i-ssssce coverage ss si tt.j ; . : r,w>rk . .' . 'The 
risers— ot reserved .-Lots, on the other rand, is adjusted based 
u r. o n It- h Ci mg. w hen a r •- rr.. v - _,-n :- . : i _ - , . : - .. v : t c j -| • 

ronoi-.h s 1 . slj.cs i-l i? -ntxfc ;<i ssss^ tc r :;e network n unde] a 
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two-step process. Firs;: the remote station :..4 transmits an 

i within a contention a Lot . . . r -m -> :on .1 

open r-n.-- ; l- . d the access request within the cent or. t: not slot 
then, as a second step, assigns the remote station .14 to a non- 
ten tent ion. slot before finally granting access. 

The remote station 14 first monitors for a RSYNC or 
MRSYNC frame 52. Sine* tno remote station .H doc 3 not yet have 
a r-eservoa slot, the remote station 14 no sr. access tee network 
IC through a content .tot: slot. The remote station 14 identifies 
content ion slots by examining the contents of the m?0 field M 
&f J • L •"-~"- ! " : "" ' ' -~ r it • ij_.r- ' :i ••-„ t it.i the 

TN?0 field 34 of the RSYNC or KRsrac frame (FIG. Ah) is the total 
number of slots in the request period and the total number of 
reserved slots. By knowing the location of the reserved Snide 
contention slots relative to the RSYNC or MRSYNC frame (e.g. t the 
non- contention slots may immediately follow the RSYKC or MRSYNC : 
£rarae>, the remote station 14 can determine the location of the 
contention slots. Access may then be secured rnrcu^h .-. ■ undcoily 
selected contention slot . 

3y way of example, RIG 5 depicts a request period 
having 20 slots. If the reserved slots were designated as being 
slots 1-7, -hen slots 8-10 would be the contention slots. Ar. 
llh'C add .>■-. a a f.SYSC tr MRSYNC frame 52 in sue:; .:. care wcuid 
indicate a total slct tuiiber of 10 and a ts-.'i! t reived a :r; 
number of 3. using known methods, the remote station would then 
renders;];/ uonort~e e rnr.Ur it lcic rvnr,;- c£ 1 to 3 and add the 
ratidondiy selected number to 8 for a fined determination of the 
> ' n c . . ! ■ • , • - 1 . l - . r ■ •• . . e r 1 1 « r • . y , c e r t ; t - ?,cc • - . 
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in ; quest ig acc» i ie v gi 1 the re mot 

3 t ion 14 s end s o reg i s r ra r. i ..: =. . L u ear r c sens i H > - "3 ': j r< me 
" * ' ' ' " ■ Wli:h -' tn — ; ected content !.. r. £ .. ot TH- i:;. 1 -.;; Uc-ld 
34 of the RegRTS frame contains a 4 6 bit address of the request- 
ing remote station 14 along with ceding within ihe type tie Id 
that the frame is a RegRTS frame. 

Upon receipt of the RegRTS from the remote station m 
by the c-z ■„-.*! station 12, the centra", station 12 verifies bv 
reference to a memory (not shown) that the address of the remote 
station 14 that the station is authorized to access the network 
10 and that the remote station 14 has a software version 
compatible with the network 10 . Upon verifying that the remote 

ta; m 14 is an authorised user and is compatible with 
: :Mt.W:i:x : k .10, the central station 12 issues a local identifier dn 
favor of the remote station 14. The central station 12, on the 
other hand, does not immediately transmit the lecal identifies- 
: \ t M n : ■.;:> d the rerrot£ station. Under the invention the central 
station waits until the next downward portion of the data period 
53 befor* transmitting the identifier to the requesting remote 
station 14 . 

Contained within the Local identifier is an identifier 
of a reserved slot of the request period 50 allocated for use by 
the remote station 14 . The central station 12 may create a 
reserved slot for the remote station 14 by expanding the lenqth 
or '-he request srtn-.i to 11 slots or may a**-, irj. the rcw..; 
station 1.4 to an -unoccupied eict of reserved slots l-s 'FIG, s\ . 

Ji; '-'' r '-~ czmr^l .£toticci " 1 i - 
x ' " 1 J ■ .j s .. y * r • e ) I o " u 7 r. •, 1 m ... r .; rr •;« : . : . •. ,. 1 1 , /; !C . . D P & , < on 
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certain operating parameters . The central station 1.2 may de- 
si] ornate slots for instance where the iatine since the last use of 
the slot exceeds some threshold! value or if the remote station 
14 roes not respond tc a known number of consecutive MRSYNC 
frames . 

During the next downward period of the data period 51 
tne central station 12 transmits the local identifier to the 
remote station 14 through use of a registration clear to send 
(RegCTS) frame (FIG. 4£j . Upon receiving the RegCTS, the reir.ote 
station retrieves the local identifier and , using the retrieved 
local identifier,, may transmit a Request to Send { RTS j within the 
> - >r ,3t under an implicit polling forms t during 
Iteherlreguest period 50 of the next superf rarr.e . 

Under tut alternate embodiment, the remote station 14, upon 
.■receipt of : a RegCTS may immediately respond by transmitting data, 
Alternately, a central station 12 may transmit 3 RegCTS at any 
time to fill "holes" in the request period (e.g., when a remote 
station 14 is deactivated or reaves the service coverage ntaa of 
the network 10} . 

In general, implicit polling is performed during the 
request period SO, and explicit polling of only those remote 
stations which requested access to the channel -- i * ee 1 formed 
during the data period 11 .. 

To initiate the superf rame . the central, station 
Lonoe^ro; , ; . r: . Hiiro: <m Klh7\C rrarre 5 2 to all tnt remote 
stat 0 ms . I re R SYMC c 3 MR SYNC frame i s i ss ; : , mi oat os i. ct 1 i y and 
it ;ehn:r the start or; n raujjs: :c a.i.t-m pioifc . h ah- request 
peraaa. In the preferred cam .oh or v at . the central station sends 
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a ' " : '< r " *■■>•«- 3i I-cor. ,:ncc every s~oorju. Ii is 

- '3 ?. t. : .• :•: . : :■ a : s ci - Loi t r. : jc ? • : p • i r a r. : : ,u , , r : j o r c ■ ; r ir .; • r : o r r : \ ; • 
ao " u3 '"" ; cr ten than once every ICO ms, :~ there were less 
-ars than ;0 uid he trans f e i r» i within the 100 ms Interval, tnen 
the communication chaoie would cs idle for a portion of the 100 
ms . 

under an alternate embodiment, an III:- :n remote 
station 14 specifies the number of data frames it wants to send 
during the superf ratr,e . It i s t v ien , jp cc ths cea - ral statioc 12 
to determine how many times a remote station 14 gees polled. For 
instance, a centra] station 12 wouldn't let sr. entire superframe 
be "eaten up" by a single station if it requests to be polled too 
often, Once a request period 50 is complete, the centra: station 
12 has a picture of all upward and downward data periods, and it 
will divide up the super frame equitably. 

A central station 12 may indicate within the RTS frame 
during the RTS/CTS/DATA/ACK sequence how many frames it will send 
to tae remote station 14 during a supsrfranne. During a DATA/ AC K 
sequence, the use of a "more" bit indicates to the remote s tat; on 
14 that, there is more data tc be transmitted during the superfra- 
mm. 

Every remote station has a predesigned waiting period 
that will begin upon the reception of the KSY'IvC or MRSYNC frame.. 
' ; f. • :■ .? t »>•» : " \n-:s p-jz icnc are Illustrated as time slots 7 S In F i g u r e 
fi, which fill up r.k;- re.h-iinder of the request period 50. 

tin co rcnor.c -j i on 1 h:-.,-. r.. • — act ignoo - 7 UrrL no>; 

1 1 CO . I '„ i 3 £ r -a 5 r r , , • , .. • - v , j ^ ; , , . , . .„ - p . ,_ . . , t ., f a f ,, . _ ^ ^ _ ^ ^ 

d.1 : ' r r j j] yr-.i 1 . f. j , .. c h r , L . . ] . T ] : ac - , t hg f x r - j :m , , , , j, . ., 
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been replaced Mich the reserved slot re-.su*.*! frami Kiy (Rxs 
frame « transmitted from iwcw station L. As seen _,j the example 
" : ' r ''' ' ' -'" r; 1 - !:; ~ :'.•■".•.■•.':':£; i; en- u-.- i™ ;::,.-.« , r rinie 

s-ot 2 (frame 55) r and a reserved slot request frame RE, was 
issued iron remote station 3 in time slot 3 (frame 56) . In the 
example shown, a maximum number X-X, : (where X is total slots and 
X £ is contention slots) denotes --he number of active veaiOLu 
stations in the network, and, accordingly, the number of 
pre assigned time slots. (See frams 66.., note that, in this 
example, the absence of a reserved slot request frame in a time 
slot represents a negative access request signal to the central 
station 12, As will be seen below, an alternate embodiment of 
the protocol always returns either a positive or negative access 
request signal to the central station upon issuance of a HRSYNC 
frame . 

After every station has beer, given a chance to make a 
reservation, the central station will switch to a modified 
explicit polling mode, wherein it will sequentially issue a CTS 
frame to every remote station 14 that made a reservation. 

Before the central station 12 begins the explicit 
polling, on the other hand, the central station 12 must describe 
the data period 50 for the benefit of those remote stations 14 
that may wish to power- down for portions of the data period .,:.< 
The central scat ion 12 describes the data period 50 to the remote 
stations 14 by transmitting a DSYNC or 3DSYNC frame 52. (The 
DSYKC arid EDSYNC fr ^ differ primarily in the amount or 
internal ion provided. In general, the EDSY11C allows for a lower 
duty cycle oi remote stations 145 * 
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if eirhir 3 f.v ''":*?•; !.' ..r ;;. r , •--).-: V\.; r, T ; :^ ^ j^: Then 

tho reader will find via reference to FIG, 4M chat the length of 
tr.o Dolling period for -he upward transit; or Jatt i ;= -•• be 

•-' jrii wittrir. ; *NFO field 34 of the DSYNC or l^STAC ^ rac.i- f,% 
b remote station nor needing to transfer data to the central 
station 12 may use the time period specified to deactivate its 
r.r5n«?Ttiv.tr vv.» receiver until a point jur: before the broadcast 
period, where the remote station 14 must again re -activate its 
receiver for the receipt cf system information during the 
broadcast period. 

As illustrated m Figure 6, the central station polls 
the first remote station during frame 60 of the upward period 
with CTS frame p., since remote station I sent its re&ervedlglQt: 
: «que st: frame RR- during frame 54. Immediately upon receiving:: 
■.the . poll: signal addressed to remote station 1. that station:; 
responds with its data packet DATA, during frame €2. The central 
station then checks its poll list to determine which rwte 
st at tor. is to be polled next. In the example shown, remote 
statior , l,s polled via poll frame ? y daring frame 64, and it 
responds with its data packet DATA, during frame 66 fhe polling 
ends upon the completion of the response of the last station on 
the list, which, in this case , was remote station 3. 

nuoriry r,^.,_- e capability is also provided for in the 
re s a rv at or. to s t n p.- i 1 . no and data e :oj har.ce px or. c ■::■:> ) ■„; f r: . .-. 
P^serr. uivrrtion. Recall that the control field 32 of the 
charmed frame formal 20 <FIG. 2} includes a number of Mt -mapped 
lci"r:.LV flag a J n toe rr~bei r%d etibori t ;r;ru:t , I,u:. lovc';," .... 
priority can he npl eu.ent o:J t." t ., two priority flag bits, if any 
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.<-<■: c e ■-, r ■. t '. •. •/ i r- i: p r i : i : \ re : £ l •. • ,=i •' n . ? . r ; ... - : : t , , ; r - ; - r •, , . ■ , _ 
w:;lld c '' c it£ P-iority flags to trie apprcpr 1^1 e priority Level, 

anc ; r^ur- : a reserved request EE f -.-v.. ■■ ■.; the central 

f-T i : • r : r; j. t . ,r. p re , . u i ... , r •• 1 i •; d i - : i . i •:; t r, - r e ■ v e ,- -• : 

request period. Open receipt of this reserved slot request fraim- 
.obtaining priority Information che central sea ion would 
rearrange the poll list into priority- level order. Accordingly, 
the central station would poll the remote stations in priority- 
level order. 

The tiiTiir.g cycle diagram shown in Figure 6 e~jr oe used 
to illustrate the reservation-baaed polling protocol with 
priority-level polling. Assume that the tine slots T3,, TS, f T3 J( 
; frames 54-56) of the reserved slot request period are sequen- 
tially assigned to correspond with three remote stations ri- : 3e ; 
'^■'^'h'-^^ remote stations had non -priority e-eer.^ges to send, 
ithenliaeh: would send its reserved slot request RR frame during 
the appropriate tine slot, and the central station would poll 
each re ecu. e station in numerical order, i.e., the poll list would 
appear as; ?, P 3 , p, „ if, however, remote station 3 had a level - 
one priority message zo ser.d, and remote station 2 had a level- 
two priority message to send, then these scat ions would indicate 
such using the priority flags in the control fields of their 
reserve! slot request frames. The central station would then, re- 
order its poll list tc appear as = ? J( p., p... Thus, the remote 
sr.a-_.oi..-: are rolled in pr_ ;ri zy • ieve : order. Numerous other 
multiple -level priority message schemes can be used, with the 
present : minti en, e lee if ehich will r,;- neej± ju...i i be!:-,;. 



W 0 95/32567 



P€T7OS95/056li 



Figure 7 represents a similar timing cycle diagr-i 1; . 
that o- ..gure €, with the addition t Ldt an acknowledgment mC!0 
:,: '" n - - ; "^•^•ittea from the central station ! , the rcrror-' 
static:, after the reception c£ each d„ca message front the remote 
station. In order to send an ACK frame, the central station 12 
must " ra correctly receive the data message before issuing 
<-?n ACIC frame {FIG. 4Cj . 

The example of Figure 7 illustrates that, during the 
reservation request period, remote sections 1 and 3 have 
transmitted reserved slot request frames 54 and 56, respectively. 
Therefore, curing the upward aaca transfer period, eaer. of these 
two remote stations is polled. As before, a first poll frame P. 
is issued from the central station in frame 60, and data packet 
DATA, from remote station 1 is returned during frame 62. 
However , now sr. acknowledgement tranie AK. is sent from the 
central station to remote station 1 during frame €3 . A similar 
polling/data transf er /acknowledgement sequence occurs for remote 
station 3 during frames 64, 66, and 67. As only partially shown 
in Figure 7, remote station x-X r was polled,, it transmitted its 
data packet, and its acknowledgment frame AK X is shown being 
return., i d>: jy act 

If the r-K.-i- st>..c:n „4 does not receive an acknowl- 
edgment (ACK) from the central statioi: ]j fci.„." Ws ag a data 
tri er /or does not get polled), then the remote station 14 
reserved tic. reouest (RR) during the next request period 
« if the < root* s t -i l _ c 4 ,-] , , * * :ir . - 
tri or , r jam n c". -carded. 
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The broadcast period ~ol lows the upward pericd. Any 
stations which may have do -activated durmc the upward period 
muse re- activate for the broadcast period. During the broadcast 
period, data is broadcast; from the central station 12 to al" 
remote stations 14. Data frames (FIG. ac) curing the broadcast 
period are sent wich the broadcast Z~D (e.g. . FFFF hexadecimal) , 
Broadcast data frames are not preceded by an RTS/CTS exchange and 
are act acknowledged by receiving remote stations 14. if there 
is no broadcast data to be sent iron the central station 12 to 
the remote stations 14, then an EDSYNC frame 53 ao the beginning 
of the oat a pericd 51 may be used to indicate a broadcast length 
of zero. 

Following the broadcast period is the downward data 
period. Tf the data descriptor S3 at the beginning of the date, 
period 51 were a DSYKC frame, then all remote stations 14 must 
remain activated during the downward data period. 

If, on the other hand, the data descriptor 53 were a 
2DSYNC frame, -hen the contents of the EDSYNC would provide 
advance notification of which remote station (s) 14 would receive 
data and, therefore, which remote stations 14 would remain 
activated during the downward data period. Other remote stations 
14 not present within the list of the 3DSYNC frame may deactivate 
for the duration of the downward data period. 

Data transfer from the central station 12 to the remote 
stations 14 during the downward period may occur under either of 
two possible scenarios. The central station may either transmit 
an RTS and wait for a CTS before transmitting the data, or may 
simply transmit a data frame and wait for an acknowledgement 
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vattonse. The us- of the RTS by "he central station 12 avu; - 
the unnecessary transmission of data when the remote station 14 
may not be within range of the central station 12 . The use of 
" b - " ri - s/: — *;oaange, on the other hand, ca.-ee;, tore over- ii orom 
rr '" ,ai -' ween th6 central station 12 and ienotr ?o.,,-ior. 14, 

if the remote station received an erroneous, data 
message,, then a negative acknowledgment frame would be returned 
to the central station. :f the central station received neither 
an acknowledgement frame nor a negative acknowledgement frame 
fro-n the remote station, then the central station would retrans- 
mit trie same data message in the next superframe, 

Where the RTS / GTS /DATA/ AC K sequence is used sod there is no 
response to the RTS, or if the CTS is received with errors, cr 
if after the RTS/ CT£ / DATA sequence, the ACK isn't received, or 
if the ACK is received with errors, then the central station 12 
begins its retransmission with the retry bit of the RTS Frame 
set. On the other hand, where the DATA /ACK sequence is used and 
there is no ACK received, or if the ACK is received with errors, 
then the central station begins its retransmission with the retry 
bit of the DATA frame set . 

t-epenaing upon the requirements of the particular data 
communication system, it may be advantageous for the central 
station to track and report on the number of active remote 
stations in the mv.uoih wheth- cr not each remote station has 
a data message to send. For this purpose, the central controller 
would issue a mandatory request synchronization (fCtSYKC; frame 
:o -,.,1 of the vir-fi'.-te stations. When a remote station r«caivos 
this frarre. .:. t responds with a .RTS frame if o; hat data •• v sere. 



or i Z responds with a forfeit {F03F? frame if it dees not, If 
a ;'«rucu-a: remote station does not respond tc tea. cj * v.-* : 

particular remote station 14 is not presently active. Ip c V a 
it a n ne r , a i c E c 1 l e a r •:■ •:. t : ■ :■. - h h i o ; - a w i i . < r a.*-, i....; t a r 
by the system without affecting the throughput of the data 
comma n i c a r : :',r: a a tanned , 

Periodically, 'the central station issues s frame 

R £ V l:C . : , j 1- . R s Y : C C , D c ymC, or 2DS YM C } i no 1 u d i r. g a a a t a a 1 r:\ n • 'aim ,; ; . 
The super frame number may be used by the remote stations 14 as 
a functional check of proper operation {e.g. that a part i - j_ - 
sleep node interval did not cause a remote station 14 to miss 
part of a super I ramei . 

The timing diagrams of Figures 8a ar.d 8b il lust rat s^tlis:: 
sleep: :mode : of remote station 2. During che sleep model f It lie ■ 
: controller in the remote station 14 may disable the infrared 
transmitter and/ or receiver circuitry, as well as any : othsr : 
circuitry such as a communications processor which is not tr-i 
used at the time. This sleep aode ensures mint mum power 

tns. n; o l - j an: taa . i i -. | ?{.t f -iy. i,.;xe 8 a 

represents tV o-oa-" c.-u.tunption of the re.uatt station teceiver. 
and Figure 8b represents the power consumption of the remote 
statical transmit lei . These two timing liagraois correspond tc the 
tailing eye.;; a hove in '"'lg'.ire 7, wherein a tk a laagmera faaa--a are 
util i sec . 

Since the reservation sync f rams 3 52 ana nestript- 
: r a t •:• "-. 'r a ;:• a: .: 1 1 ax 1 a i i y y« c. r i a» -a a L r . . •• e ; 1 t 1 c c. a f. i t v. . - r ; j , be 
: ' " f -tl naal i var to aait a t ~ 
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: e s - 1 >o <: • • ; :~y> z zizt, - - : . 0 .. j , P . , ^ , L . _ . f ,.- , , , ■ , - ; „ ,_, 
as shown tn Figure Sa, the receiver of remote station . jr. turned 
on * : t;iif:; ' •• w ' a '-' h P2 r -=--*^es the occurrence of the reservation 
r - r:,ni "- J at time t, by a sufficient amount tc kcct^-s . icr 
■hork tolerances. After the reservation sync frame lias beer, 
received, the receiver is disabled at tins* t>. 

At time t :r the transmitter circuitry is enabled such 
that the reservation request frame RR, can be transmitted during 
time slot j. At time t,, the transmitter returns to the sleep 
trade. At time t s . the reservatiM r - , ... .-, , r . ,, , ended, and 
the pciiec data transfer period (upward period) has begun. 

In general, if the remote station 14 hasOr*guested: 
access to the network Chan at least the receiver needs to remain 
active during the upward period for the receipt of polling 
messages. Upon receipt of a polling message, directed to the 
remote station, the receiver may be deactivated and the transmit- 
ter activated. Also, it the descriptor for the data period 51 
is a DSYNC frame, then the remote station 14 must remain active 
for the broadcast period and for the downward period. Further, 
it a frame directed to the remote station 14 is detected by the 
remote station 14 , then the transmitter of the remote station 14 
must be activated for transmission of acknowledgement message. 

If the descriptor 53 of the data period 51 is a EDSYNC 
frame, then the remote station 14 shuts down unless otherwise 
required. If the remote station 14 has transmitted an access 
request during the request period, then the receiver of the 
remote station 14 would remain active until polled, at which tins 
the receiver would dcaet l ve l :: -e -_h.. L r n,c, Ls , 5CV :. />; ,.. for 
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transmission of she data frame. At the end or she data frame th: 
zrHn emitter would again deactivate, and the receiver ac-LivaLe for 
r :-cc :.p" • . r ; L- eci:r.o..-;ic. :,-T.-,-i^-.f. l f r ,,u ,< ; r r r n y c- ceo: r , .. c -.r • , L .,. : 
12. Like wxse.. the remote station would only activate for the 
broadcast period if the SDSYHC ncssage iii elected r.^i the 
sroadeasi period .vculci have a non-zero time period, or if a data 
frame were to be directed cc the mobile station 14 durino the 
downward period. 

Accordingly, remote station 3 (FIG. 8a) must enable its 
receiver such that iz can wait tcr its poll frame V t . At time 
t " th - P Ql1 p , '^as been received such that the receiver can be 
disabled. However, the transmitter is immediately enabled since 
data packet DATA., must be transmitted during frame Sfoi Prom 
timesofc, to t B , acknowledgement frame AK 3 is being received vbyi 
remote station 3. After time t,.„ -he receiver of the remote 
station can return to its sleep mode unci! the broadcast period 
and downward period. Where a DSYNC descriptor 53 is received and 
if no messages were received by the remote station 3 (as depicted 
in FIG, 8a) (under either DSY1CC or 2 DSYNC descriptors 53!, then 
at least the transmitter will remain dw:ivat~d unt 1 next 
superframe. As can now be seen, the sleep mcde is used by the 
remote st-icn to conserve battery power when the central scat ion 
12 is communi eating with :thf • rccte stations 14. Vol;. -us othei 
- ' " :! 'i' ! ' |: M-r Jrar icns nay .u.v ;• b- used , j, ai t icul a r ly s:i rice 

many of the communications processors reed in the re-note stations 
may ir.cluai, the r own internal power sense rvat.i '/iremtf ana 
software . 



WO 950 25S7 



PCT/I S95/05M2 



Re i e rr i rig t ic w t o Figure 9 , 5 det 3 1 led b i oc k. 6 L ag r an c f 
ens rhe remote stations is shown. As described asovs, each 
remote /.! iUor. 14 includes a transceiver which coira—icat a ■•• vi.tr. 
the central station via an optical-inf rared data link 19. The 
j, ~ i:r - "'<■" -*"<ote station is a remct* controller 110 which, in 
the preferred embodiment, is a Motorola 60BCOOO, available from 
Motorola Corporation, operating at 8 Mh* . Remote, controller UC 
interfaces with a data processor 112 and a communications 
processor 114, such that data processor 112 can communicate over 
the infrared link using a he polling protocol described above. 
In the preferred embodiment. ( data processor 112 may be part of 
an EPSON" Model Ho. H10 31BEW hand -he id computer, and corr.nur.icn- 
tlor.s processor 114 may be an 82550 LAN interface chip also 
available from Intel or may be a Field Programmable Gate Array 
jWM'hl .with; custom programmed logic provided oy Spectrin Corp.:,! 
:Ivsnst©ri : Illinois . 

Communications processor 114, in turn, controls an 
infrared transmitter lib and an infrared receiver 118. Infrared 
transmitters and receivers are well-known in the art... In order 
10 perform the control of the sleep mode, for the remote station, 
remote controller UC also controls the application of power from 
power supply 124 to the transmitter and receiver blocks. In the 
prafa:acd embodiment , power supply 124 is contacted vbd.r; t.he 
hand- held computer of the remote station 14. A cl^c,; llr. =md a 
memory 12 8 are also connected to remote controller lie in ordei 
to perform the synchronization and station iscm ilicataor 
functions of «-,c.i >-e .one station . 
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Pigure 10 xs a detailed blocx diagram of central 
•!.■•: ion 1 ," ! or the div:. cmrriuf i crtiorn- ncrworh ;~ ;y. .\*n ■. r Fiouri 1. 
X n or o l r. o • ■ r^ir ur j c =:• i ^ w i i : . .. rv~ * t me i r t e r i n i r . the r-.^jr 
station includes an -v ternal transceiver 16. In the preferred 
S . .I-, i d : ii. :.t: , ; t i::< i i .. n tt, rce 1 1 K i loo „iiv,"> . , L - • -J.;- 1 . •„< :i. v- : r 

network controller and since the infrared link must be direct., 
lonc-cf- sight . h network controller 130 interfaces an in- 
put/output port 132 to a communications processor 134 such that 

10 the reserve:: ion- based rolling protocol of the present invention 
is used to transmit and receive data frcm infrared link .13 to I/O 
port 13 2 v.;. a infrared transmitter 13 6, infrared, receiver 13 8, and 
hard-wired link 16. Zt. the preferred embodiment, the function 
of network controller 130 is performed by an IBM- compatible 

15 personal computer using a DCS -based operating system. The 
personal computer typically includes a memory 140, a clock 142, 
a display 144, and a keyboard 146 . 

In review, it can now be seen that the present 
invention provides an improved contention scii :.>x\r.±vz**i ' < or- based 

20 multiple -access signalling protocol for a data communications 
network which efficiently utilizes a single channel even when 
only a. fraction of the users have data messages to send at a 
given time, The reservation -based polling protocol is particu- 
larly adapted for use with a large number of portable battery- 

25 powered computer devices communicating with a central station vie 
an infrared link. 

while specific embodiments of the present invent ion 
have been -nowr an»i described herein, runnier 'ooii t ;c scions and 
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. . upr ov s n.e - 1 . s nr : ay be na-.V; > y % h re c > : - -v. .• , r r a . n s u = 

ncd:.ti;.*r. whic.i retain che basic ^.dsrxy-.oy crip.-riples 

disclosed and claimed herein are within --or.;, or trie 

in vent: ion . 

S 
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'"' '->-• 1 tor exchanging . . ,, e ~ween a >..- 

" la """* :i 1 Plurality of wireless remote sr.-. : - or. - t,„- 

divided multiple access communication channel compn =.ing : means 
:ci receiving access requests from remote sea?: urns cf the 
picraiity of remote stations during a first time interval under 
a contention based protocol and a non-content ion based protocol; 
end means tor polling for data transfers during a second time 
period bne remote stations of the plurality of remote stations 
providing access requests under ncn -contention baeed protocols 
during the first time period. 

2, The apparatus as in claim 1 wherein the means for 
receiving access requests from remote sr.ations of the^plurailty 
of remote stations during a first time interval under a conten- 
tion based pre cocci and a non-content ion based protocol further 
comprises a plurality of time division multiple access slots 
IWltMii the first time interval . 

3, The apparatus as in claim 1 wherein che means for 
receiving access requests from remote stations of the plurality 
of remote stations during a first time interval under a conten- 
tion based protocol and a non- contention based protocol further 
comprising means, located within a slot of the plurality of 
clot a , for ide nt i tyx pg contention slots and non - con cent; j,-, *n « 
to the plurality of remote stations, 

4, The apparatus as in claim 3 further comprising means 
for receiving an access request from a remote station c .f the 
plurality of remote stations within an testified contention 
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slot and allocating a non- contention slot to the reques' • t:.;i 
i te :.. tat . or. . 

5. An apparatus for reducing a duty- cycle of activation 
of a remote station exchanging data with a central scat ion on a 
wireless lite divided multiple access communication channel 
comprising: means icr receiving an access request froc the remote 
scat ion during a first time interval u -ok : or.* o- .■■..•j...t.':i , .io: 
kased protocol and a nor.- cor. tent ion based protocol; means fcr 
exchanging data during a second tout" period wltl the remote 
station providing the access request under che non-content ion 
based protocol during the first time period for data transfers; 
and means for providing an indicia of epoch length of the first 
and second time periods to the remote station by the central 
stationl, 
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FIG. 4a 



RSYNC-Request Sync 
MRSYNC-Mandatory Request Sync 



Bramble. 



3D 



SIB 



INFO 



RegSiots 



uperFrame 



FCS 



EC 



< Broadcast 

< ID of Dngmating controller 

< RSYNC or MRSYNC 

< Control flags: AP 
• Setwvare version 

< Total number of time slots in Syncf^-noo S':ck.'dhg RegSiots) 

< Total number of time slots wrurh aro f-^r registration only 

< Superframe number 



C SYNCS') at a Sync 



Preamble 



SD 



sin 



_L 



. T >scs..„ 



INFO 
1~ 



UpLengih 



±L i :::::!lY! I Y'' : " r il?]'S : l 



res 



< Broadcast 

< ID of originating controller 

< DSYNC 

< Control flags: AP 

< length of Upward Data Period 

< Superframe number 



E=DSYNC : Exterrded Data Sync 



Preamble 



SD 



DID 
SID 



Typ 



INFO 



Control 
UpLength 
BCastLengtl 



Down Length 



Li st Length 



SuperFrame 
FCS 
ED 



< Broadeas! 

< ID of originating controller 

< DSYNC 

< Control flags: AP 

: .--.vard Data Period 

< ifeiigln of Bi ondc;: Cats Period 

. . ■ Pe od 

< length of following list 

< list of stations for which there Is downward data in th > supei ; «i i e 

< Superframe number 



WO 95/32567 



FCT/USSMfM 1 1 



3/7 



RegRTS-Registration Request 



FIG. 4 b 





Preamble 






SD 


\ ■.: 




DID 


< Destination Station ID 




SID 


< registration slot number ( temr,ivn:y sir-hon ID) 




Type 


< regRTS 




Control 


<■ Control flags: none usecf 


INFO 


Version 


< boftwaro version 


SA 


' Address station regis.. . * i •.=• '"' : '■ H >' 


\ 


FCS 






ED 




RTS-Requcst To Send 




Preamble 






SD 






DID 


< Destination Station ID 




SID 


< Source Station ID 




Type 


< RTS 


i 


Control 


< Control flags: AP, sequence, ou:-of-seqjence. retry, more 




Data Count 


< Number of data frames statjon wants to sendta : DA : : 


INFO 


DataLength 


< Length, in octets, of data the sourer? vw "its -o ;nd :: : 




DA 


< Address station to which data :s to be sent, 48-bit address 




FCS 






ED 




FORF-Forfeit 




Preamble 






SD 






DsD 


< Destination Station ID 






< Source Station ID 




Type 


< FORF 




Control 
FCS 


< Control flags: none used 




ED 





\ 


Preamble 


, DID 
SIO 


Type 
Control 


INFO 


ID 


SA 


t 


FCS 


ED ~" 



< Destination Staion ID 

< ID of originating controller 
< ReCTS 

< Control flags: AP 

< ID assigned to station 

< Address station registering, 48-bit address 



A/7 



CTS-Ciear To Send 



Preamble 
SD 



DID 



Sj.D 



Conlro 
FCS 



< Desination Station ID 

< Source Station ID 

< CTS 

< Control flags: AP. sequence, out-of-sequ erica 



DATA- Data 



J_ 

INFO 



PrearnblG; 



SD 



SID 







Coniroi 



SA 



PataLength 

'■; : Data 



res 



< Destination Station ID 

< Source Station ID 

< DATA 

< Control flags; AP, sequence, out-of-sequence, retry, more 

< Address of dsta originator, 48-bit address 

< Length, in octets, of data to be sent 
<Data 



M DATA- Management Data 



I 

INFO 



Type 
Control 



SA 



^Isiss... 



FCS 



< Destination Station ID 

< Source Station ID 

< MDATA 

< Control flags: AP, sequence, out-of-sequence, retry, hierarchical 

< Address of data originator, 48-bit s 

< Type of management message 

< according to MType 



Acknowledge 



Preamble 



SID 



Type 



Control 
FCS 
ED 



< Destination Station ID 

< Sou e Station ID 
<ACK 

< Control flags: AP 



WO95/32S0? 




WO 



6/7 



X 
















1 





J: 




p- 

Q 




SL 
>- 


__ — __/ 




hi 

x. 





■ cr-. 

UJ 

t- —J 

o o 
5 ft: 
u P 
or, z 

: : -.q;- 
a 



i ... 



o 

EL 



v- 



CP) 



WO WJ2567 



PCIYUS95/0MI2 




PORT 



A ' I. *.<M ► i< 1 1 ION OF SUBJECT MATTER 
iPQfri HU4.1 l.'M 

cl /;«/'.>«.:;,;>.». , 5.3 . omU-v: . 0^. 200 ; 340/825.080 

"» J I if I .1 I 1 I ! > I it t U c ' Li:- bm:k j^::.rT:,iU.;:. : ;i:.-:ifi.vj.!i n ,i jl' 

• — — * 

Dnn; i „ c ,- te <k?n search* !..:•.!..;>;■:• ma- 'mm mum iiKmmtmit^ n; ih» o;i,mnn.i! m .'mm;' i mx' ire... .■-.-.i m i> :.■ m-kk >.,, ..mm:./ 
, NONE 



EiCCi. !..:■■:..!.: <...;;a mi, ■ <• ......m.:,....; \j umr i: Lit; m'ic-ii Ji.m.j.,. swr;n .'.lits-j-.- <■•: <jjl,-. ha-jv '-.ml. '.v:,.;j e [.<■;,: m i. ";m. I m :.;;r;' lerms Wf-e: 



r'\!J:.:.N"S,h I. '.' li'vS'l UK RED P) i. I.W'AV 



nvM, mdKM-i, *ivt .- ^yi<<v, julc. J,.- relevant rwssagts 



Km mm i I! ■ -cam No. 



US, A, 5,297,144 (GILBERT ET AL.} 22 March 1994, 
columns 1-6 and figures 1-4. 



J I Pj.Vmi- liivtvin-rus iticrd in H',r .. iru.txso > : ! ft T (™*~J S..x f-s.fi.l rumlv itwi 



l.i.i K"!' :„..:'?!.,7l!.r,l j'iI.I'mi.,!' M j.i'l.-r Lv :,l, 

tim eKtnOfl IrstMI'Ml..! I ■„ I'll l.l . ,;■ < .i, ■.'!■:, |;,m. .■,|i:M . ' . j . , J = 

mm "i I- mi-"' 1 1 mi'- 1„ i urn: .ii vein,,. 

mm. I ml, "it . ' I I'm' 1. :.Li.!,»' 11: jr. in,:.; ,,: .„.«. ., , ,. I . . . r ., 

.' «-•,'■■<: . ,..,,„...:., ;., ,. .. ■ d^J :: ; -.in.: |... si,, h r ". . "1 

V.Ctir-u.ixu. -..Stt, ■.(!.. 11.1: 



Dale . . . . ■ 
05 OCTOBER 1995 


°" 03 'mov 1995^" j 


Name ami naiiiisg address of Ae ISAfOS 
.CgmyceiB of Nab-iaj Ttiitrarfa 

WsAinglon, D.C MZ3J 
fa;f.irr;i.lc No (703) :305-33:30 


f'.'f.( - iiV.i tj ::f!mu — -j , 

Wang ton 

Telephone No. fTOji 305-473'/ 



Form PCTMS.V21CJ (vcoorwJ shectJiJuty 



